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PREFACE

THEREFORE BE IT RESOLVED THAT,:
On July 7, 1987 the State Water Resources Control Board (State Board),

¯ pursuant to commitments in its 1978 Water Right Decision 1485 (D-1485) and1 The Pollutant Policy Doc~ent is adopted as state policy for
water quality control under Water Code Section 13140¯ Water Quality ~ontrol Plan (Delta Plan) for the Sacramento-San Joaquin Delta

~ and Suisun Marsh, opened a public proceeding to receive evidence on beneficial
uses and water quality issues for the San Francisco Bay and Sacramento-San2. All doc~ents listed in the REFERENCES that have not already
Joaquin Delta Estuary (Estuary). Differing procedurally from that held forbeen received in evidence are hereby received in evidence.
D-1485, the current proceedings will be conducted in four separate phases:

’ Phase I (Draft Document Development), the Water Quality Phase, the Scoping3. The Chief of the Divisioni of Water Rights is directed to file
Phase and the Water Right Phase. Completing the Phase I, a Draft Pollutanta Notice of Decision with the Secretaz~ for Resources.
Policy Document (PPD) and a separate Draft Water Quality Control Plan (Plan)

were distributed for review in November, 1988.
CERTIFICATION

As a result of comments received on the PPD and efforts to coordinate it with
The undersigned, Ach~inistrative Assistant to the Board, does other water quality documents being developed by the State Board, the PPD has
hereby cez~cify that the foregoing is a full, true, and correct been revised and given a separate hearing which was noticed in October 1989.¯ After informational hearings in Sacramento and the Bay area in December 1989,
theC°PYstate°f a WaterreS°luti°nResourcesdUly Controland~ reg~larlYBoard heldad°ptedon Juneat a meeting21, 1990.°fthe State Board directed staff on PPD revisions. After receiving further

~ comments, the State Board revised and adopted the PPD on June 21, 1990.
(Minor typographical errors and oversights have also been corrected after its
adoption. (Water Code Section 1359; Resolution 90-16))-

iM~ ~_~%~k~k~~
Regional Boards 2 and Swill use the PPD as a guide in portions of updating

au~e~n Mar~I~_ ~.    -- ’~- their Basin Plans. Each Regional Board will then send its amended Basin Plan
~ A(~i~4.strative Assista’~t to to the State Board for approval. The PPD will establish state policy for

the Board water quality control under Water Code Sections 13140-13147 to be used by the
San Francisco Bay and the Central Valley Regional Boards.
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Information derived from an exhibit:

I, SWRCB, 25,45

I--~.
]~ a e nui_ 1.0 EXECUTIVE SUMMARY

~ P g     mber, table nu~Lber, graph number
-- exhibit nu~bber 1.1 Introduction

.. identifying abbreviation of the infoz~ation
source (see Appendix C, Abbreviations) The PPD establishes state policy for water quality control under Water

-identifing abbreviation for hearing phase Code Sections 13140-13147 to be used by the San Francisco Bay Regional~
Water Quality Control Board (Region 2) and the Central Valley RegionalWhen citing references outsi~e of the hearing record, the Water Quality Control Board (Region 5) i-n updating portions of their

following conventions have been adopted: regional water quality control plans (Basin Plans). The PPD also
identifies and characterizes pollutants with the greatest potential

Information derived from published documents, biological significance in the Bay-Delta Estuary. Pollutants addressed
(a) in the text of the Docu~:.~nt or Plan: in this work were selected because of their widespread or repeated

occurrence and their potential to cause adverse effects on beneficial
Denton, R.A. ,1985 uses in the Estuary, The pollutants of concern are: arsenic, cadmium,

i chromium, copper, chlorinated dibenzodioxins and dibenzofurans,~ year of publication
. hydrocarbons, lead, mercury, nickel, organochlorines, selenium, silver,

author’s name 6r agency abbreviation tributyltin and zinc1/. Information on point, nonpoint and riverine
CITING INFOI~MATION (Continued) sources of pollutants presented during the hearing is discussed as well

i as the effects of these pollutants on public health and biological
resources. Other related issues that the Regional Boards requested the(b) at the end of the approp[iate Chapter of the Document or

Plan: ,. . State Board to resolve, such as the impacts of dredging spoils,
’ trihalomethanes, cumulative pesticide loads and database evaluatio,,

Denton, R.A., Currents in Suisun Bay, January 1985, pg. 4. are also addressed.

L Widespread public concern over the vitality of the Bay-Delta Estuary---~page no.
calls for definitive action to protect this important resource. Inpublication date

title of document cited addition to the direct effects of single-occurrence events of
author’s name oir agency abbreviation pollutants being discharged or spilled into the Bay-Delta waters, an-

important potential cause of impairments to the aquatic resources of
the Estuary is the cumulative effects of toxic pollutants discharged to
the system. The PPD is intended to provide solutions to specific
pollutant problems, ensure consistency in the regulatory approach used

Information derived from Phase I closing briefs, by the San Francisco Bay Regional Board and the Central Valley Regional
(a) in the text of the Docume~t or Plan: Board, and provide a basis for future regulatory efforts.

I,RIC,Brief,8 ~ Chapter 2 begins with an overview of the phys.ical characteristics of

TT-~---
the Estuary and provides information on sources and ]oadingfor theT pag( number various constituents. Chapter 3 reviews the toxicological ~effects,

"Brief,, regulatory standards and reported concentrations available for each
constituent. Chapter 4 presents specific policy guidance for Regionalidentifying abbreviation of the information source

’ identifing abbreviation for hearing phase Boards 2 and 5 to use in amending their Basin Plans. This guidance
includes policies to establish a mass emissions strategy and to
implement site-specific as well as general control measures for(b) at the end of the approprJiate Chapter of the Document or

Plan:
I

pollutants. Chapter 5 establishes a program to direct monitoring, to
, track the progress of implementing these policies, and improve the

Phase I hearing Brief of the Ri~e Industry Committee, pg. 8.                               quality and quantity of information needed for future policy decisions
and basin planning.

Appendix B is a Glossary of Tezi, s.

"I/ This polic~ "is not intended to address all pollutants for which objectives
Appendix C is a complete list of the abbreviations for are required under Section 303(c)(2)(B) of the federal Clean Water Act.

The State Board intends to establish objectives for all of the. otherinformation sources, citations and s~n~bols used in this document.
" required pollutants in the forthcoming Statewide Water Quality Control

~ Plans for Inland Surface Waters and for Enclosed Bays and Estuaries of
California.



The PPD is part of the State and Regional Boards’ Water Quality Control 0 The concentrations of dioxins and related compounds in the
and 208 Planning Program, which has been Certified by the Secretary for~ Sacramento River and the Delta have exceeded levels known to cause
Resources as an exempt regulatory program under Public Resources Code adverse effects. Health advisories have been issued warning against
Section 21080.5. Consequently, the PPD is a substitute for an consumption of fish in some areas of the Sacramento River.
environmental document under the State Board’s regulations at 23 CCR

Inadequate monitoring data hamper both problem identification-and.Section 3775 et seq. o the ability to respond to specific circumstances. The quality and

The State Board has reviewed the PPD for significant or potentially quantity of existing data need to be improved. Lack of coordination
significant effects on the environment and its review of the PPD shows of existing monitoring efforts has led to inefficient programs and
that the policies established by the PPD will not have any significant under-utilization of the data collected.
or potentially significant adverse effects on the environment.
Therefore, no alternatives or mitigation measures are proposed in the
PPD to avoid or reduce any significant effects on the environment (14

1.3 Pollutant Policies and Actions

CCR Section 15252, 23 CCR Section 3720). In order to address these problems, the State Board has concluded that
’ the following principles and actions, pages I-3 through~l-6, are

1.2 Concerns necessary to control pollutant sources and loadings to ~he Estuary.

During Phase I and the Water Quality Phase of the’hearings on the PPD, 1.3.1 Pollutant Policies
evidence was offered about ~he sources and amounts of pollutants in the
Estuary. The evidence was ~eviewed and the following conclusions were 1. Programs which reduce and eliminate pollutants in.the San
reached= i Francisco Bay-Delta Estuary must be supported to theextent

they are reasonable and feasible.
o Several pollutants were identified at concentrations which may cause

direct toxic effects to aquatic life and may pose a threat to human 2. Beneficial uses in the Bay-Delta Estuary shall be protected
health through consumption of contaminated biota. Water quality against all pollutants known to be harmful, as well as those
objectives for these pollutants appear to be inadequate or lacking, which are potentially harmful to humans and aquatic species.
For freshwater, these are tributyltin, zinc, nickel, cadmium,
hexavalent chromium, selenium, copper and dioxin. For Saltwater 3. At this time, the use of Delta outflow solelyto flush
portions of San Francisco~Bay, these are tributyltin, zinc, cadmium, pollutants, other than ocean derived salts, out of the Estuary
hexavalent chromium, selenium, copper, silver and dioxin, does not appear necessary.. The need for such flows may be

considered in the future after all reasonable source control
o Existing data indicate that the pollutants of concern, in the Bay- methods have been implemented and only if it is found to be in

Delta Estuary are, for the most part, persistent pollutants which the public interest.
accumulate over time in sediment and biota.

! 4. The in-Bay dumping of dredge sediments that have the potential
o Enforcement of water column objectives alone .is inadequate for to cause significant adver.se impacts on the Bay’s resources

controlling many pollutants which bioconcentrate. Tissue level should be eliminated.
objectives are also needed, specifically, for polynuclear aromatic
hydrocarbons, mercury, arsenic, cadmium, copper, selenium and 5. Expansion and ongoing.~assessment of the effectiveness of
silver, existing monitoring programs are needed.

o Little information is avaiiable on the potential detrimental 6. Due to the extreme toxicity and persistence of dioxin and
effects to human health and biological communities as a related compounds (Section 3.15), it is the goal of the State
consequence of elevated pollutant concentrations in sediment and - Board to eliminate the discharge of these compounds to waters
biota. This lack of information about these pollutants -- of the Bay-Delta by the year 2000. This date, the State Board
arsenic, cadmium, hexavalent and trivalent chromium, lead, believes, will provide dischargers with a reasonable amount of
mercury, nickel, polychlorinated biphenyls and DDT -- hampers time to find suitablesubstitutes for the processes that create
regulatory decisions, these compounds.

o Tributyltin concentrations measured in poorly circulated harbors 1.3.2 Actions
and marinas have exceeded levels known to cause adverse effects on
aquatic organisms. ~’ 1. Department of Health Service Guidance

o The public perception is that pesticides pose a significant and Pursuant to its authority under Sections 13146,=13163 and 13165
growing threat to the vitality of the Bay and Delta. Current of the California Water Code, the State Board requests the
understanding of pesticide dynamics in the Bay and Delta is limited. Department of Health Services (DHS) to report to the State

Board on the hu~a~l health impacts of arsenic, cadmium,
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hexavalent and trivaient chromium, dioxins and related
compounds, lead, mercury, nickel, selenium, polychlorinated

5. Dredge Sedimentsbiphenyls and DDT, as single constituents and in combination
with each other. Based on this information, DHS is requested

In order to limit any adverse impacts caused by disposal ofto provide guidancelto the State Board in directing regulatory
dredge sediments in the San Francisco Bay, includingefforts to prevent any impairment of human health from the
remobilization of pollutants, the U.S. Environmental Protectionconsumption of aquatic life.
Agency =is requested to d~s’i~-~~te an ocean disposal site by

2. Mass Emissions Strategy January 1994. In the interim, the U.S. Army Corps of
~ Engineers, working with EPA as part of the long term management

strategy (LTMS), is requested to submit a proposal listingThe San Francisco Bay and Central ValleyWater Quality Control
potential interim sites and the feasibility of use of thoseBoards shall implement the mass emissions strategy described in sites for new work in San Francisco Bay. The proposal is to bethis document as a program to regulate mass emissions of the
submitted to the State Board and San Francisco Regional Boardfollowing substances: arsenic,~cadmium, copper, mercury, within six months of the date of adoption of this document. Asselenium, silver, and polynuclear aromatic hydrocarbons. The
part of the LTMS, the U.S. Army Corps of Engineers and thepurpose of this mass emissions strategy is to control the. San Francisco Bay Regional Board will make available to theaccumulation in sediments and the bioaccumulation of these State Board an assessment of the impacts of in-Bay disposal ofsubstances in the tissues of aquatic organisms in accordance

with the statutory requirements of the Po~ter Cologne Act, and dredge sediments on the beneficial uses of thewaters of San
Francisco Bay. This assessment shall include at least:the Clean Water Act.~ The program shall accomplish the

following:          ~
o Identification~of toxic constituents in dredge sediments

’ from San Francisco Bay;o Identify location~, based on available data, where pollutant
concentrations intissue and sediment are elevated and are

o Assessment of the potential bioavailability, bioaccumulationof concern due to.potential impairment of beneficial uses;
and toxicity of toxic constituents in such dredge spoils;

o Identify the sources of pollutants for these locations;
o Development of regional regulatory compliance monitoring

program as described in the LTMS workplans; ando Develop and implement a program to regulate mass emissions
based upon an assessment of alternative control actions for

o Development of sediment quality objectives for San Franciscoprincipal sources;- Bay.

o Monitor and report!progress; and                                                         A~ part of the LTMS, general guidance for the disposal of
dredged material to land will be developed with the assistanceo Develop tissue and sediment objectives,
of the San Francisco Bay and Central Valley Regional Boards.
The suitability of dredge sediment for levee rehabilitation inThe Regional Boards are to develop a workplan for
the San Francisco Bay and the Delta will be considered. Noimplementation of theMES no later than December 1, 1990. The

dredged material-shall be deposited on land surrounding the Bayworkplan shall include a schedule for adopting MES
and in the Delta until the Regional Board determines thatimplementation measur6s into their respective Basin Plans no

later than June i, 19~2. pollution will not be increased in the waters of the Bay-Delta
Estuary.

For chlorinated dibenzOdioxins and dibenzofurans, the Regional
6. PesticidesBoards shall develop plans of implementation which will achieve

the goa] of elimination. The Regional Boards shall also
During Phase I of the proceedings and during the Water Qualityestablish monitoring p~ograms to track the decreased

i~ Phase hearings on the PPD, the discharge of pesticides fromconcentration of these!compounds in fish tissues that result
~ agriculture was a major topic. The discussion focusedfrom implementation of~this program,

primarily on the pesticides discharged to the Sacramento River.
Tributyltin i Extensive requirements for the Regional Boards were set forth

~ in the two drafts of the PPD prior to the Water Quality Phase
hearing on the PPD.Unless appropriate state objectives exist, the San Francisco

Bay and Central Valley Regional Water Quality Control Boards
In replacing, the previous cumulative pesticide objective, theshall adopt a water quality objective for tributyltin. The
Central Valley Regional Water Quality Control Board has acteddirect discharge of tributy]tin resulting from in-water paint
expeditiously to develop and adopt a program aimed at reducingstripping operations shall be prohibited. National Pollutant
and eliminating the discharge of pesticides to the waters ofDischarge Elimination System (NPDES) permits shall be required
the Bay-Delta Estuary. On January 26, 1990, the Central Valleyfor boat and shipyards. "
Regional Rater ~ality Control Board amended its ~ater Quality

I-4
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Control Plan for Basins 5A, 5B, and 5C to include the new
program (Resolution NO. 90-028). The State Board, having                     2.0 POLLUTANT SOURCES AND LOADINGS IDENTIFIED IN THE SAN FRANCISCO BAY-DELTA
reviewed the basin plan amendment, approved it on February 15,
1990. The State Board’s approval put the basin plan amendment                  2.1 Physical Boundaries
into effect. Therefore, a discussion in this document of
changes in the.O.6 ppb cumulative pesticide objective in Basin                       The following defines the physical boundaries of the area within which
Plan 5B is no longe~ needed, and has been deleted from the PPD.                     =objectives have been set in the PPD. A map has been provided for

7. Water Quality Monitoring and Assessment Program                                     reference (See~Figure 1).

A Bay-Delta Quality Assessment Program shall be established                       2.1.1 Sacramento-San Joaquin Delta
which will include monitoring efforts to track progress of the                     ~     The Delta, as defined in Water Code Section 12220, is a roughly

programSimprovementinstitutedof the qualityby thiSandPOliCyquantityand toofrecommendinformationChanges for                          triangular area extending from Chippslsland near Pittsburg on the

details) The responsibilities ofavailable (see Chapter 5 ~or        .                                                 west to Sacramento on the north and to the Vernalis gaging station
the Program shall include,                                                            on the San Joaquin River in the south. Also included within the

Delta boundary are the Harvey O. Banks Pumping Plan~ and the Tracy
Pumping Plant, SWP and CVP facilities, respectively. Water qualityo Coordinating wat~ quality monitoring activities related to                          objectives are set at the pumping plants in the Delta for water

the Bay-Delta Estuary;~
exported for use in central and southern California.

o Preparing a Bay-Delta Water Quality Assessment report to the                   2.1.2 San Francisco Bay
State Board and to the public recommending a coordinated -
monitoring strategy which will include goals and objectives,                          San Francisco Bay (Bay) is located at the mouth of the Sacramento-

beStati°nmonitoredl°cati°nS"and associatedfrequenCYcosts;°f monitoring, constituents, to                           San Joaquin Delta, at the outlet forthe Sacramento and San Ooaquin
rivers. These rivers drain about forty percent of the state. The
Bay is composed of four primary embayments which are= (I) Theo Recommending changes to State and Regional Board Basin                                South Bay, stretching from the Oakland Bay Bridge on the north

Plans, policies and programs needed to protect the                                   Mountain View on the southern edge; (2) the Central Bay, the area
beneficial uses of the Bay-Delta Estuary.

between the Richmond-San Rafael Bay Bridge and the Oakland Bay
Bridge; (3) the San Pablo Bay to the north, encompassing the areaIn order to have all users share in the cost, the State Board                                 from the Richmond-San Rafael Bay Bridge on the south side to the

intends to establish, perhaps by recommending legislation, a                                   Petaluma River on the north and the Carquinez Strait on the east;
procedure whereby users of Bay-Delta waters will contribute                                   and (4) the area between the entrance to the Carquinez Strait and
equitably towards the total cost of development and maintenance of a                          Chipps Island, encompassing the Carquinez Strait, Suisun Bay,
monitoring program.                                                                       Grizzly Bay and Honker Bay. The definitions of the four primary

embayments comprising the Bay, as used in this document, are the
definitions commonly used in hydrodynamic literature (Denton and
Hunt, 1986). The definitions of the five embayments used in the
San Francisco Bay Water Quality Control Plan .are not based on
hydrodynamic considerations but rather in a manner suited to group
clusters of waste discharge locations.

2.1.3 Suisun Marsh

While the Suisun Marsh is part of San Francisco Bay, its boundaries
are legally defined (Public Resources Code Section 29101 and
29101.5). The Suisun Marsh is generally located in southern Solano
County, south of the cities of Fairfield and Suisun City. It is
bordered on the southby Suisun Bay, Honker Bay, and the confluence
of the Sacramento and San Joaquin rivers; on the east from
Denverton along Shiloh Road to Collinsville.

2-i
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FIGURE I

2.2 Identification of Pollutant Sources and Loadings

The San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-Delta
Estuary) is affected by streamflow and effluent discharge carrying
pollutants from a watershed which provides about 40 percent of
California s surface water runoff (DWR,14,9). The watershed includes

~ .~.~.,.,,-~
~

¯ ~ some of the most intensively cultivated land onearth,~ as well as

~’k~, ~" J
’"~

~" ’ "~ substantial urban development, major industrial andchemical complexes,

~
,: /.",,~ ~ a variety of military facilities, and both active and abandoned mining

~ F~-_F-~ Past attempts to deal with pollution have f6cused on the most obvious
. y- ,\’ and treatable problems. The major effort in recent years has been to

~ ¯ -, control point sourcedischarges of all wastewater; less effort has gone

"" ~L~"’
~

’ into control of nonpoint sources of pollution. Basin Plans have been¯
~_~. established that contain objectives for dissolved oxygen, suspended

~""~’, ,,,,,,,, ~ ~ solids, trace metals and trace organics among others. These Basin
~ Plans the enforcement efforts of the Regional Boards and compliance

~... i ,~ ~ ~ by the dischargers have resulted in a significant improvement in the
i - ’\ chemical and physical condition of San Francisco Bay (BADA,3,III-2).

~ /     \~ -.\ Although overall chemical and physical conditions such as turbidity,
/ ~     \ ® nutrients, coliform organisms and chemical oxygen demand in the

~-’ Bay -Delta have been improved, some pollutants still exist in the water
column, sediments and tissue in concentrations which are cause for
concern (CBE,1,2). To address these and other concerns, the State

: ...... ~... Water Resources Control Board (State Board~ contracted the Aquatic
~ ~ Habitat Institute (AHI) to prepare comprehensive reports on the sources
~ 1 ~-~-__L.

and loadings, i.e., the total mass from all sources of various
pollutants, in the Bay-Delta basin (AHI,302), and their possible

i
"~_ "~., I . Pollutants may enter the Estuary through flows and discharges from-a

" ~, ~ number of so~urces. Once in the Bay-Delta, a wide variety of processes
¯ ~ ~ ...... ~ may occur which redistribute, concentrate or dilute the pollutants.

This pollutant policy document not only identifies the quantities and
\ -o÷ sources of the significant pollutant loads, but also the most effective

\o ~ ~÷ ,,~, course of action to protect the state’s water quality. The PPD
- ---~.~--.~.:- .. ~ suggests the use of available regulations and takes into account the

~’-" particular measures whichmay lead to the control of each element of
the pollution problem.

Five sources of pollutants and their loadings will be discussed:

......... ~AN"A"D’$OOBA~,UND,,~ 0 2.2.1 --" Point sources
’\(-- o 2.2.2 -- Urban runoff

~ SAQR/~AEI~FFO-~NJOAQUIN DELTA o 2.2.3 -- Nonurban runoff
0 2.2.4 -- Riverine sources; and\ ’~; SAN FRANCISCO BAY~ ’ ~ =~,.... o 2.2.5.-- Other sources.



The pollutants of concern are: arsenic, cadmium,, chromium, copper,
hydrocarbons, lead, mercury, nickel, organochlorines, selenium, silver,

TABLE1tributyltin, and zinc. Fqr convenience, the "total hydrocarbons" is
used to .refer to an extensive and artificial, group of compounds which SOUROEAND POLLUTANT LOADINGSINTHESAN FRANOISGO BAY-DELTA

(FROM AHI, 1987)includes oil and grease, ~ononuclear hydrocarbons (MAHs), polynuclear
aromatic hydrocarbons. (PA=His), and other.hydrocarbon or organic

Riverine Non-Urban Urban Runoff Point Dredging and    Spills Atmospheric
Likewise, "organochlorines, refers to-chlorinated hydrocarbon Runoff ~urce ~w~w:liment Deposition
pesticides and polychlorin~ted biphenyls (PCBs). (EPA has requested Dispos=
mon i tor i ng i nformat i on con kern i ng d i ox i n s i n the eff I uent of severa I ~~iii~ii~i~ii@i7 ;i~!M!~ ~ .= Max ....M!~!i~.ijli~.~.i i.i; M!~:=:i:;!!iiM..~: .::i~!~!~.:.i;~ili.~.~:: ;:.-;.i:iL.M.!~!i!ii:i!7~.il;7:it
refineries in the Richmond~Pittsburg area. There is also concern about % 71.6 21.4 22.4 66.9 2.2 5.2 3.4 3.3 0.4 1.2 0.0 0.0 0.0 0.0
dioxins from pulp mills near Antioch.) (tonnes) 32-37 10-119 i.0-9.0 1.5-5.7 0.2-2.0 NA NA

The sources and loadings of~ these pollutants are summarized in Table 1. 65.6 06.6 6.0 14.8 3.6 7.4 ~.7 9.9 0.2 0.5 0.0 0.0 1.7 0.9
5,2-27.0 0.5-6.0 0.3-3.0 1.9-4.0 0.02-0.2 NA 0.14-0.85A bar graph dep i ct i ng summ~it ions of annua I 1 oad i ngs of po I I utants from

~i~i~i~iii ~!TMi~-I:I~7!MaX~ :i:;<Mi~ii!iTiiM~~. :i~.;Ml~i:iiiiM~i~ ~-~Miii.!;;:!:M~:~:: i;::iT-;~.iMii~;i~i!:M~:ii~!i~the various sources is show~ in Figure 2. The years of record used as ........ . ........................~ .......................................................................................................................................................~
a basis for the PPD are Jan!~ary 1984 through December 1986. 33.3 5.4 58.0 90.o 1.3 o.9 5.2 o.8    2.2 2.9 0.0 0.0 0.0 0.0

~ 77-92 134-1,537 3.0-15 12-14 " 5.0-50 NA NA

Annual pollutant loadings d) not provide a total indication of ~~~i~!i~)i~ii))ii) .;I:~ILM.~)~IT.:~:MaX~ :!L~!~iii~ii!~~!i~i.~::~i~!~Ma~L~.~.!~iii~i~!~!!;!7:~:~!~7i;7~-~H~‘L!
pollutant impact. Some pollutant sources, such as urban runoff, are 72.0 22.9 18.1 65.5 2.5 6.7 6.4 3.5    0.4 1.1    0.0 0.0 0.7 0.3

202-2031 51-581    7.0-59 18-31 1.0-10 NA 1.9-3.1highly variable with time. Other sources, though relatively constant,
~~i~!~iiiT:::!!i~li~.~.i!i~ilM~li!i;M!i~!i!iii~..: .!:Ml~i~iiii~M~!~.i~iMi~i!iiii!ilM~i:iiT~i.Mt~iii!iliM~i~i~imay have different impacts ~ased on the season of the year, i.e., they ...................................................................... " ............................’~

may have greater impacts when receiving water flows or flushing flows 0.0 0.0 0.0 0.0 37.0 46.7 0.0 0.0 3.? 4.6 0.0 0.0 59.3 46.7

are low. Variability in loadings and receiving water conditions should NA NA    0,5-5.0    NA 0.05-0.47 NA     0.8-4.8

be kept in mind when revlewlng the time-averaged estimates provided in
~ii~il~i~iiiI~i ........ ~~)"~"818 .......~:.O-"~)~~ .........~~-~i~ .........~~~<+~.0 .....................~~’~~8~ ..............this text. ~ " -

I NA NA 1,143-11,016 NA NA 72-110 2.1,45

Information presented in this chapter on sources and loadings were 27.5 9.1 2~]~::~;6 .... 27;~~.6 ’i~)7~":’:~L~ 0.9 1.4
derived from exhibit numbers~ 301 and 302 presented by the Aquatic 30-66 31-~L58 30-250 11-17 1.0-10 NA 6.0-21

~ 76.6 52.2 9.6 29.6 1.7 2.6 11.5 13.9 0.6 1.7 0.0 0.0 0.0 0.0
2.2.1 Point Sources ! 1.2-3.0 0~15-1.7 0.026-0.15 0.18-0.8 0.01-0.1 NA NA

POint sources refer to plblicly owned treatment works (POTW’s) and .................................................................... 76.3 62.6 0.~ ’0]0 " b.0"0.0 2i.6"~2.i 2.1 15.3 0.0 .0.0 0.0 0.0
industrial dischargers. ],Estimates of pollutant loadings from point 74-82 NA NA 21-29 2.0-20 NA NA
sources are more accurate than other sources because they are ~.~~i~ +~’.Miti:.~:Max Min%M~’~:!Min=~Max- -: Uin-:::::MaX. ~...-MiU"-M~;ii:.i¢ii:.,~r!Mifi~7 MAX-
recorded in self-monitor~’~g reports and are.derived from loading o.o o.o o.o o.o 4.7 34.6 o.o o.o    o.5 o.6 o.o o.o 94.7 64.8
data averaged over three ~years. These reports are required by NA NA    0.006-0.4 NA 3.00.067-0.0067 NA    0.12-0.75
permits issued under the!National Pollutant Discharge Elimination i~i~ iii :Min?:Max Min:.:;i~:~::~aXI ui~."~:Miix M!~:i~Max: :~i~Min;M~:?.ii~~Mlrf~~.!i<iMax:’::Min:
System (NPDES)program. ~Three year average 10adings were also used 68.9 71.8 0.0 0.0 0.0 0.0 30.4 24.3 0.6 3.9 0.0 0.0 0.0 0.0
to characterize the otherI sources of pollutants. 4.3-7.4 NA NA 1.9-2.5    0.04-0.4 NA NA

 : fii  iiii i!i ~i.Min. -.:Maxl’. .M!~-.r:i!i!::,l~ax:: ~ M!i~if::::::iMax’ --:.~iSL: Max.!, >::...M.!i~ :. M~III:I:.:I:.. : Min;:.;<I:.Ma~x i ,-,M.!niMax.
POTWs and industries have:= significantly reduced the discharge of 43.9 3’7.2 0.0 0.0 0.0 0.0 55.7 P~.3 0.3 0.6 0.0 0.0 0.0 0.0
toxic metals to the Bay-D~elta over the past several decades. Point ~!~ 2.6-26 NA NA 3.3-7,5 0.02-0.2 NA NA

"~ t~i~ii:~i;iiiiiiii~iiiiiiii~i’Min Max Mint::Max MiniMax Min:Max :Min:,:;Ma~x M.in:Max Min Maxsources contribute far le~s total loads (ranging from about 1 to 6 ~ ..................................................................--.< ........ ~ . . ~
percent) to the Bay-DeltaiEstuary than non-point sources (Figure 2, !~ NA      NA      NA NA NA       NA =NA

NA NA NA NA NA NA NAurban runoff, nonurban runoff and riverine sources). However, care
~i~}iiiiiiiiiii!iiiii!iii!~l~]i~i~iiMin Max Min."Max. Min-Max Min.~:Max :Min -MAX ~=Min::’Max Min Maxshould be taken when comParing AHI’s calculated total- loads between ................................................................................. - ......................

point and non-point sources. For example, in Table 1 it is 52.2 i3.4 24.2 67.7 6.5 12.5 13.4 3.4 0.6 1.4    0.0 0.0 3.1 1.5
estimated that about 95 percent of the total pollutant load in 272-268 126-1,453 34-268    70-74 3.0-30 NA 16-~
urban runoff is comprised mainly of oil and grease, while about 5
percent is comprised of triace metals, PAHs, and organochlorines. ’ Measurements in metric tons (tonnes) per year unless otherwise indicated.

In comparison, Table 1 shows that trace metals comprise nearly 100 *Summation of rain!, for eachpollutant= 100%

percent of point source loads. ¯ Summation of maxs. for each pollutant = 100%
=~ NA = Not available or not dectected.
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However, pollutants other than trace metals are also discharged
from point sources. Examples include volatile and semi-volatile
organics, hydrocarbons and other synthetic organic chemicals.

Their load estimates were not presented by the AHI because
available concentration data do not provide a sound basis for the
calculations. If these data were to be used in loading
calculations, it is estimated that the relative contribution for
point sources would be significantly larger~
The toxicity or potential for adverse effects from the~sam.e
constituent may also differ between point and non-point sources
For example, some parties to the hearings believe that trace metals
from point sources usually enter the receiving water in dissolved
form. The bioavailability potential to aquatic organisms may in
this way be increased. Trace metals from nonpoint sources are
usually adsorbed to soil or other inorganic particles and may
therefore not be as immediately available. Absorbed nonpoint trace
metals continue, however, to pose a significant problem because
they accumulate and can redissolve and re-enter the water column in
the dissolved form.

As shown in Table 1, point sources contribute significant amounts
(greater than 10 percent) of Cadmium, mercury, nickel, silver and
selenium when compared to all other sources. POTWs are the major
contributor to the total point source loading of copper, lead, zinc
and arsenic. The eight largest POTWs contributed most of theflow
(about 70 percent) and point source loading in the Estuary. Of
those, five treatment plants are located in the South Bay. As a
result, during the dry season effluent from treatment plants
contribute the greatest volume of freshwater into the South Bay.
The eight largest plants and the average discharge flow rates
(1,000 gallons per day) of their effluent are listed in Table 2.

Industrial dischargers contribute on the average about 15 percent
of the total point source loads of the metals listed in Table 1.
Notable exceptions to this are chromium and selenium where about
1/3 of the total chromium load to the Bay-Delta was released by one
discharger during the period 1984-1986. Selenium loadings from
petroleum refineries are comparable to combined loads from the San
Joaquin and Sacramento Rivers Industrial d~schargers also release

"organic and inorganic chemicals in the manufacturing process.

2.2.2 Urban Runoff

Urban runoff refers to the flow of pollutants into the Bay-Delta
due to runoff from urban areas. Like point sources, which are
already under the NPDES permit program, urban runoff will soon be
placed under that program. Urban stormwaters contain toxic
pollutants such as trace metals, and synthetic organic chemicals.
Much of this pollution is due to man’s activities: accidental
spills, deliberate dumping, emissions from automobiles (including
oil drippings) and tire wear. Pollutants fromthis source,
typically as a result of first storm events, are discharged over
very brief periods of time at high concentrations and with little
dilution into nearshore waters.
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Estimates for pollutant loads from urban runoff are far less 2.2.3 Nonurban Runoff
accurate than point source estimates. Accurate urban runoff loads
depend on reliable contaminant concentrations and flow volumes Nonurban runoff refers to runoff from agricultural lands,

from urban areas. Ava~ilable data of this type for the Bay-Delta pasturelands and forests within the Bay-Delta. Toxic pollutants
basin is scarce and ofl poor quality. Therefore, data from studies from this source are usually derived~from soil erosion, leachingof

conducted elsewhere hage been used to estimate the pollutant loads trace elements and the introduction of synthetic compounds such as

to the Bay-Delta Estuary. The method used by the AHI for pesticides.
estimating the loading of pollutants from urban runoff is found in
AHI Exhibit No. 302. Nonurban runoff and other nonpoint sources have not received the

degree of regulatory control required for point sources. However,
TABLE 2--THE EIGHT LARGEST POTWs IN THE BAYzDELTA REGION, some control measures for these activities have been required; they

AND AVERAGE FLOWS -- 1984-1986 include regulatory measures for silviculture activities, subsurface
(From Aquatic Habitat Institute Exhibit No. 302) agricultural drainage and for control of rice herbicides.

tlmatln loads from nonurban regions is a very complex procedureSegment qf EstUary Flow -- 1,000 Es " " g " e uirin accurate
~eceivin~ Effluent Gallons Per Day that is dependent upon a number of varlables r q    g

data. Accordingly, only one estimate of the loading of toxic
Sacramento Regional River 134,214 substances into the Bay-Delta has been made to date. This study

~ was conducted by the National Oceanographic and Atmospheric
Central Contra Costa Sui~un Bay 38,573 Administration (NOAA,1987 a) as part of the National Coastal
Sanitary District (CCCSD) i

Pollutant Discharge Inventory, an assessment of the loading of
pollutants into estuaries and coastal ocean waters from different

East Bay Municipal Sou~h Bay 86,922 sources.
Utility District (EBMUD)

An ~Ynlanation and critique of this stud~ (~HI,302) points out

San Francisco: Southeast South Bay 73,712 ~a~rbecause of the significant uncerta~ntles associated with the

Water .Pollution Control ~ estimates made in the study, the loading results should be

Plant (SWPCP) I considered to be of the most preliminary nature. Also, a number of
toxic organic chemicals applied to non-urban lands within the Bay

Union Sanitary District Sou~h Bay 21,400 -Delta were not considered by NOAA.
(USD)

The estimates of NOAA shown in Table I indicate that nonurban
South Bayside System South Bay ~21,400 runoff could be a significant source of toxic substances to the Bay
Authority (SBSA) i -Delta Estuary. The bar graph in Figure 2 shows nonurban runoff as¯ the second largest loading source to the Estuary after urban
Palo Alto Sub-regional Sout Bay 27,477 runoff.
Water Quality Control Plant i It is estimated that nonurban runoff contributes significant

San jose-Santa Clara South Bay 117,569 loadings of arsenic, chromium, copper, lead, cadmium and mercury to

Water Pollution Control Plant i
the Estuary. However, it should once again be emphasized that
significant uncertainty is associated with these estimates. The

As shown in Figure 2, itiis estimated that urban runoff may data are preliminary and only indicate the need for additional

contribute the greatest ~ollutant loads to the Bay-Delta Estuary, research into this potentially important loading source.

ranging from a maximum o~ 11,628 tonnes to a minimum of 1,221
tonnes of pollutants (als~o see Table 1). The large difference 2.2.4 Riverine Sources
between the maximum and m~n~mum values shows the uncertainty of .
estimates that are made ~ith a lack of reliable data. As Riverine sources of pollutant loads refer to pollutant inputs into
estimated, the majority (about 95 percent) of the pollutant load the major rivers flowing to the Bay-Delta from all point and~ nonpoint Sources outside the geographical boundary of the Bay-Deltafrom urban runoff consist~ of a category called "Total
Hydrocarbons". This category includes ~ variety of toxic (PCBs) ~ Estuary. Pollutant concentrations are obtained at sampling sites
and non-toxic (oil and grease) compounds. As shown in Table i, it located at Bay-Delta boundary points on these rivers. The sampling
is estimated that urban r~noff still contributes significant loads .~ stations are at Freeport on the Sacramento River, Woodbridge on the
of toxic pollutants to the Bay-Delta. These pollutants include Mokelumne River and Vernalis on the San Joaquin River. Water

polynuclear aromatic hydrocarbons, lead, cadmium, copper, zinc and quality.data on the rivers are collected bythe Department of Water
polychlorinated biphenyls. Resources, U.S. Geological Survey, and the U.S. Bureau of

Reclamation.
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Riverine mass loading estimates are calculated based on water 2.2.5 Other Sources (Atmospheric Deposition, Spills and Dredging)

quality and flow data for each major river. These rivers
contribute large volumes of water compared to point source and 2.2.5.1 Atmospheric Deposition
nonpoint source discharges. Therefore, although a pollutant may Toxic substances may beotransported to the Bay-Delta as dust
make up a small fraction of an entire river flow, it may constitute 6r aerosols and enter the Bay via diffusion and gravitational
a major component of the total loading to the Bay-Delta. Accurate settling. Because the local database is very poor, loading
measurements of very low concentrations of riverine pollutants is
needed to reliably compare the loads from riverine sources with

" estimateSinformationfOrfromatmospheriCthe Greatdep°siti°nLakes RegionWerewheremadeextensiveUSing
those from more concentrated, more readily quantified point ieshave been previously conducted. To minimize double-
discharges. Given theidifficultyof accurately determining the stud .... ~--~÷~ ~om the other nonpoint sources,

counting OT pui|u~-~ --concentration in river inflow, and given the relatively few and
limited sampling programs, it is emphasized that the estimation of

estimates for pollutant loading from atmospheric sources were

riverine loads is highly uncertain,
computed for the Bay surface area only.

; sed on the loading estimates, it is believed that
As shown in Figure 2, ~iverine sources are a major contributor of Ba ¯ ¯ ’ " el small source of toxicatmospheric deposltlon is a relat~v Ypollutant loads to the Bay-Delta Estuary. When compared to other ¯ ,
major sources, the rivers contribute the greatest loads of cadmium,

pollutants to the Bay-Delta with the possible exception of
and PCBs.-As shown in Table 1, it is estimated that

copper,significantmercurY,loads nickel,of a~isenic,seleniUmchromiumand silver.and zinc.TheYThealS°sacramentoC°ntributePAHSatmospheric deposition contributes anywhere from 0.8 to 4.8

River generally contributes larger trace element metal loads than
tonnes per year of PAHs and 0.12 to 0.75 tonnes per year of

the San Joaquin River, but, because of its large flows1/, in
PCBs. PAH input is on the same order of magnitude as input
from urban runoff.

dilute amounts that areldifficult to assess.

Sampling programs on the San Joaquin, Sacramento and Mokelumne 2.2.5.2 spills
rivers have not addressed hydrocarbons. Because sampling programs
were not designed or ti~ed to intercept peak pulse flows when

The source of data on spills in the Bay-Delta Estuary is the

hydrocarbons are likely.to be mobilized, accurate estimates would
United States Coast Guard. All spills in the Bay-Delta are

probably not have been possible even if the data had been
reported to the Coast Guard and are included in their national
database. Coast Guard records on spills and potential spills

collected~ A flow-weighted sampling system would be needed to indicatethat inorganic chemicals, crude oil, refined
address t~e sources and~volumes of hydrocarbons entering the Bay petroleum products, animal and plant oils and other organic
from riverine flow. Studies of pesticide and organochlorine liquids have entered the Bay-Delta. Petroleum hydrocarbons
contamination in the Sa(ramento and San Joaquin rivers have been
carried out by DWR and the "Municipal Water Quality Investigation

are the largest component of these spills.

Program", formerly called the Delta Health Aspects Monitoring As shown in Figure 2, it is estimated that spills contribute
Program, as required by ~he 1978 Delta Plan. Compounds detected relatively minor loads of toxic pollutants to the Bay-Delta.
include the rice herbicides, bentazon, atrazine, molinate and e ma’ority of these loads are in the form of hydrocarbons.
thiobencarb the latter ~wo having been found in the Sacramento Th - ~ ~ ~ I it is estimated that spills may.

~ AS S~own lfl l~U~: ,River during the spring ~hen flooded rice fields treated with these contribute anywhere from 72 to 110 tonnes per year OT
materials are drained. 1 hydrocarbons to the Bay-Delta Estuary. This is orders of

The San Joaquin River, c~mprised for the most part of irrigation
magnitude below the contributions estimated for urban runoff.

return flows during the Summer growing season, drains an
agricultural area on which as much as 23 million kilograms of 2.2.5.3 Dredging

pesticides are applied a~nually. Measurable amounts of some of .Dredging the channels to improve navigation in the Bay-Delta
these pesticides-are was~ed into the RiverL Consistently detected Estuary moves five to ten million cubic meters of sediment
are 2,4-D, atrazine, sima~ine, dacthal and diazinon, annually. In San Francisco Bay, dredge sediment is disposed
Concentrations and loads are difficult to .estimate based on current of by dumping at one of three open-water disposal sites.
data because of the inability of laboratories to detect these
chemicals accurately. Imhroved analytical techniques and sampling Toxic substances which ma~ be in.the sediments dredged are
procedures, along with increased attention to the effects of pulse largely dispersed and maybecome available to biota. During
f~ows are needed to evaluate properly the release of toxic dredging and sediment disposal, water turbidity at the
contaminants from riverine inflow to the Bay-Delta Estuary. disposal site may increase, bottom organisms may be smothered

by the sediment pile, or dissolved oxygen may be chemically
removed. As shown in Table 1, materials which may be made

i7 The Sacramento River contributes 70 percent, the. San Joaquin River
available during dredging and sediment disposal are arsenic~

contributes 15 percent of total inflow to the Bay.
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cadmium, chromium, copper, hydrocarbons ~particu]arly
PAHs),lead, mercury, nickel, organochlorines (particularly DDT
metabolites and PCBs) selenium, silver, and zinc. In dredging
of harbors and marinas for maintenance, it is likelythat

3.0 PROBLEM ASSESSMENTtributyltin woul~ also be liberated or redistributed.

This chapter addresses the toxicological effects o~ the previouslyAs with the other loading sources, no reliable data exist upon
identified pollutants on human health and aquatic biota. Pollutantwhich to base accurate estimates for the release of
concentrations in water, sediment and organisms are compared withcontaminants from dredging activities. However. it

that dredging activities remobilize pollutants ~oundis certain available regulatory guidance and nonregulatory alert levels to determine
in the whether a particular pollutant warrants concern.sediments. Estimates of this remobilization indicate that the

proportion of poi]utants remobiIized is re]at
compared to the ~otal a ~--÷o ~- ~ ~ - . ive~y minor                         Selected criteria include regulatory guidance.such as=

¯ ~     my=.=~ j, u~eagea materials, when basedon the assumpt~o~ that remob~]~zatzon r
percent of the t~ta] contaminants ~- =, a~es range from I to 10 o EPA water quality criteria,

~n areage seaiments. Asshown in Figure 2i, it is estimated that dredging activities
o FDA criteria levels,contribute from I~ to 123. tonnes of POllutants per year.

As previously mentioned, the wide range between the m~nimum
o DHS maximum cQntaminant levels,and maximum vaIue~ is a reflection of the uncertainty

associated with t~e estimates.
o Ocean Plan objectives, and the

I

o Water Quality Control Plans of Regions 2 and 5.

Selected criteria, when available, are established levels above which a
pollutant is known to cause harmful effects on human health and aquatic
biota. Regulatory action is often required (FDA and DHS) or recommended
(EPA and NAS) if these levels are exceeded. Therefore, greater concern
is given to any pollutant concentrations that approach or exceed these
guidelines. (See the Glossary (Appendix B) for specific definitions of.
criteria and alert levels).

Alert levels include nonregulatory references such as:

o The median international standard (MIS)i
| o Elevated data levels (EDL 85 and EDL 95),

o The maximum allowable residue level (MARL), and

o The lowest effect level (LEL).

Alert levels, in themselves, provide no indication of particularly
harmful effects. Alert levels do indicate that, when pollutants approach
or exceed certain concentrations,-further investigation is warranted:
They provide initial .points of reference in the process of determining
whether or not a pollutant found at certain concentrations should be of
concern; that is, they help in establishing if, for example, the
pollutant is one part of a larger, more general problem or if it is only
a local irregular occurrence. Often, a specific alert level is the only
information about a pollutant that is available. While no cause for
concern can securely be established when this is the case, the
information is nonetheless valuable because it points out the need for
more studies of the pollutant’s effects.

Generally speaking, in fact, more data are needed on all of these
pollutants and their effects, both as single constituents and in
combination with other compounds. For instance, adifferential analysis
should be establishedfor organic and inorganic arsenic in aqua¢ic biota.
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Further, there are almost no data on the synergistic and additive effecl The maximum arsenic levels detected in any fish from Central Valley
of pollutants found together, as they always are in aquatic systems, ion (ppm) in 1980, O.l ppm in~1981,

waters are: O.B parts per millOnly when the total effects of these pollutants have been clearly and 0.5 ppm in 1984 in samples from the O’Neill Forebay on theestablished will it be possible to determine whether their elevated
levels in Bay-Delta fish!and shellfish warrant concern.

California Aqueduct; 0.8 and 1.1 ppm in 1984 s&mples from Black

i i~ Butte Reservoir on Stony ~reek near Orland; andO.6 ppm in Old
¯ * ¯ River in the Delta taken ~n 1984; and lesser amounts found in 1981In some sectlons of the fpllowlng assessment, standards based on fish in Samples from Folsom Lake and American River (0.4 ppm) and Shasta

tissue (e.g., median international standards) are compared to fish liver ~. Lake’s Squaw Creek Area (0.3 ppm) (SWRCB,TSM Program).
data collected by the Tox!c Substances Monitoring Program. Some

¯

reviewers have suggested that such a comparison is inappropriate because
fish livers often concentrate trace elements (probably related to the

The chemical form in which arsenic occurs greatly affects its

’ ~;~i~
ses have not distinguished between the

livers function of eliminating these elements) and because fish livers toxicity. Past ana!y .... = = ..... ~.r forms of arsenic (arsenic
relative amount or toxiclzy u. ,,u,~ ...."c V and the various organic forms (methylated "are not considered edible tissues. However, fish tissue/fish liver ¯ ~ (III) and arse~1 .~ )) .......... ~s arseno-betaine and a~se~o-comparisons were not bein~ made for the purpose of setting objectives for

.~ the protection of public ~ealth (It should be noted that some people eat ~ forms, arseno-~p~s, ar~.u-~- ,    . " " the
the liver and the whole fish (Pete Phillips, DFG, pers. comm. April 4,

choline). Because of the number of chemcal specles ~nvo~ve~,
¯ ,    "al anal sis of the organic and inorganic forms ?f

d~fferen~ .    Y     " ate their toxicity (AHI,304,201).1990)). Fish tissue/fish iver comparisons were made for primarily two e{ement ~ ,eeded to estlmreasons: (i) other source Of information concerning concentrations of
pollutant levels in fish tissues are not available, and (2) the
comparisons are. being used~to determine if further investigation is 3.1.~ Aquatic Toxicity To Biota,
warranted. Fish tissue da~a were used for comparison to the MIS when Arsenic has been identified in sediment and biota of the Estuary,
they were available.

I ....
but it is not known whether these levels pose a threat to biota.

A problem assessment matrixlsummarizing data on the pollutants being
Known polluted sites include the ASARCO slag pile near Carquinez

discussed can be found in Appendix A.
and the Point Isabel battery disposal site near Richmond

(CBE,I,FI3).

With the exception of hydrocarbons, chlorinated dibenzo-p-dioxins,
chlorinated dibenzofurans add organchlorines, pollutants are addressed in 3.1.3 Conclusions
alphabetical orderin t~r~eisubsections: (i) Public Health, (2) Aquatic
Toxicity to Biota, and (3) Conclusions. Other issues examined are

The toxicity of arsenic to biota of the Bay-Delta Estuary has not

trihalomethanes and dredging sediments,
been quantified due to the number of chemical species involved and

~ because past analyses have not made the differentiation between the
species. There is a need for differential analysis of organic and

Unless stated otherwise, pollutant concentrations in fish reported in the inorganic arsenic in aquatic biota. With these analyses as
following sections refer to a wet weight analysis of their liver tissues, references, it may be possible to estimate whether the elevated

3.1 ARSENIC ~ levels of arsenic in Bay-Delta finfish and shellfish warrant
concern.

3.1.1 Public Health
3.2 CADMIUM

Because the highest observed arsenic levels in freshwater fish from
tributaries to the Estuary are all below the median international 3.2.1 Publi~Health

standards (MIS) and calculated no significant risk levels1/ (NSRL) Cadmium concentrations in San Francisco Bay mussels and oysters
(see matrix, Appendix A), arsenic is not considered to be a exceed alert levels and warrant furtherinvest!gation-
significant health concern in these waters. However, arsenic
levels in some shellfish tissues have exceeded the MIS, calculated ~ The median international standard for cadmium is 0.3 ppmww in fish
NSRL, EDL 85 andEDL 9511evels. Finfish tissue data from waters of and 1.0 ppmww in shellfish (SWRCB,TSM 1985). As shown in the

ssessment matrix, both native Bay mussels (Mytilus edulis)Suisun Bay and the San Joaquin River at Old River have also -.    -
exceeded the EDL 85 and EDL 95 levels, problem a ........ ~nstrea lurida) have been found ~I~and u~ymp~c oy~ ~_~--~edinn 1 npm we~ we~gn~ w,,~-

ations a proacnlng ur =^~     =    r .
concentr .    -~- ¯ .... ~--~--al standard for shellfish
equal tothe m      ___            tch data over a ten-year
(AHI,304,141). A summary of mussel waates that tissue level burdens approach and often
period also indic        .                      ’sh and often
exceed the median international standard for shellfl ,
exceed the EDL 85 and EDL 95.Calculated from DHS no significant risk levels (NSRL) using EPA

assumptions of average consumption of ~ater of 2 liters per day
and average ingestion of fish ofl 6.5 grams per day.



Finfish dataindicate a slightly better picture. Occasionally "            ~
elevated levels of cadmium have been found in fish tissue from

problem for aquatic life especially in the northern drainage of thewatershed (for
the !- Sacramento River. Sources of these high levels are the abandonede 2.6 ppm in fish liver from the Sacramento

i mines within the watershed. No data are available concerning
River near Keswicl

;WRCB,TSM Program) and anadromous species
cadmium levels in waters of-the northern reach of the Bay-Delta.

using the Bay and
may be exposed as a result of cadmiumcontamination in wastes from upstream areas (AHI,304,146).However, a summary o~ Toxic Substance Monitoring Program

3;3 CHROMIUMconcerning Delta waters over a ten-year period indicates

that’occasionally aphroach the data
international ~n~ . .0.3 parts per million median¯ st~.~ard for flsh

levels 3.3.1 Public Health

revlew of these same~÷~ .~__ ~ut ~ve rarely exceeded it.. A
Other than for some locally contaminated sites, chromium does notthe EDL 85. i~--a :~so snow ~bat they only rarely approach
appear to be a public health problem in the Estuary (AHI,304,T24).
Although chromium is mutagenic, teratogenic and carcinogenic in3.2.2 Aquatic Toxicity to Biota
high do~ages (AHI,304,182), the SWRCB Toxic Substance Monitoring
Program has found levels only as high as 0.16 ppmww in fish tissue

~~ ~ ~e~e~ ~o be an ~mpo~tant pollution hazard" from the Estuary watershed. Many finfish chromium values approach
V

~ic~nt direc~o i ~g~_~°acfumulates and is of’n the but few exceed the EDL 85 level of 0.03 ppm and EDL 95 level of

~m~s AH     .    .     ~ ~ u~o~a; i~ " . . 0.11 ppm. However, the U.S. Fish and Wildlife Service has reported
( 1,304.133-~34;CBE,I,33). ~except~onally toxic to chromium concentrations in whole-body samples of juvenile striped

The lack of unusuallyihigh concentrations in water and sedime bass from the San Joaquin River system up to 7.1 ppm dw (1.8 ppm
any location in the Bay-Delta Estuary (range of 0.78 to    nt at ww) (Saiki and Palawski, 1990). The Mussel Watch Program has found

chromium levels of 7.4 ppm dry weight in the native mussel Mytilusin sediment) and, in ~ontrast ~ .... - - - _       1.6                                edulis at Mare Island nea~ Vallejo. (Dry weight can aoproxima~ely
seen in biota o~ ~- ~- _ . , ~ne Ta~rlv nin~ , .... ~- - ~ ppmdw
wet weinht~ i-~-~~ ~-~elta Estuary (~an,~".~X~ oT caamium b--~-~-ffverted to wet weight by dividing the dry weight by seven, the
¯ ~ ~ -u~ca~es ~bat cadmium ~,, ~^ _~-~" y.u# ppm to 27 m above cas~ indicates a level of around 1.1 ppm wet weight)~n this ecosystem; cadmium could therefore constitute a problem if

Antioch, concentrations of chromium in the clam Corbicula were

.... - ~: ,ar~,cularly bioavailaE~ (M. Stephenson, pars. comm., June 7, 1988). At another site nearan in~rease in 1oadingloccurred (AHI,304,146,14~). Cadmium is a

reported reaching 13 ppm dry weight or nearly 1.8 ppmww
problem in the Sacramehto River near Keswick where it has averaged

(AHI,304,180). These sites are close to military or industrial
2.5 ppb, and exceeded both the Region 5 Basin Plan objective of 0.2ppb and the median letlal level for salmonids of 1.1 ppb (RWQCB

chromium (AHI,304,180). The majority of shellfish samples in the
5,5c). point sources and suggest local contamination of shellfish by

State Mussel Watch Program are well below 1 ppmww (average isCadmium is highl~ bioac~umulate .

~,~ms !~HI,3~4,134) Cadmid ~n and h~ly tox.ic-to a ua " ~
under 0.5 ppm).

ouu~n ~a ~ ,"    .    um levels a ¯ q tic
0 25 onby ~a~ elsewhere, w~th maximumd.~e somewhat h~gher in the 3.3.2 Aquatic Toxicity to Biota¯ ~ , ~ compared t~ . ~    l~ooIved conce      ¯
(AHI 304. ~_     0.1Ppb ~n Centr .    n~ra~1ons of
wat~~ ^._z~). Th,s is over an ord~ ^=~l S~p ~-ancisco Ba Elevated chromium levels in the Sacramento and San Joaquin
_. ~- ~u~cy criterion for marine ~ ~" magnitude, below theYEPA watersheds are a cause for concern for aquatic life in Bay-Delta
~e~ or ~3.ppb as alone_hour-aver~ ~,,~.~_~pb as a ~-da waters.

. . oe no~ed, howeve~ tha~ ~    ~ ~,Ju4,134.135~ ~÷ -
~}.b9 protective of lo~- ~ ~ne~e ~PA marine wate~’~_~.~ Chromium in the Bay-Delta Estuary may be from both upstream and{~HA ua " ¯ .    ~,~ sensizive s    " - ~F~erla maQ l~ty Cr~terla fo~ 2÷ ....... pec~es such as r’    -Y

local sources. Acid mine waste from Spring Creek, Squaw Creek and~ W~---~b~. r ..... ~ .... st ~ped bass
,Francisco Bay mussels an~ oysters    " ~"~u-~r~ons in San                                Little Backbone Creek near Shasta Dam carries significantapproach or exceed the shellfish                            concentrations of chromium to the Sacramento River (AHI,304,172).MIS of 1 ppm wet weight which is a concern for public hea]th as

The San Joaquin River also carries chromium from mine runoff.cadmium by mussels is related t     ¯ ¯
¯ ¯

.

well as predatory animalF which feed on mo]luscs Uptake of

Reported levels for total chromium from the-San Joaquin Rivercorrelated w,th saliniti s (AHI~3~I~y’ w~th uptake Inversely
Drainage Study range from 4 to 30 ppb in the San Joaquin at

¯ ’~"                                                   Vernalis and 6 to 55 ppb in San Joaq~in at Mud Slough.3.2.3 Conclusions                                                             ;~                                                                        These
reported levels are significantly higher than the 2.5 ppb lowest

i " ~. effect level for .hexavalent chromium which affects the development
and survival of Daphnia m~agna (Mount, 1982) Unfortunately, due to

Cadmium concentrations inl San Francisco Bay musse]s and oysters           ~                  lack of monitoring, the amount reaching the Bay-Delta Estuary from
exceed~alert levels and ~              .                                         "

cadmium concentrations in water ~"~
dissolved warrant further ~nvestigation. Though

upstream sources in dissolved and particulate form is not knownand Delta do not appear t~ warrant concer~ reported from the Bay

i

from direct measurement (AHI,304,173).

! ~             , they are known to be a
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3.4.2 Aquatic Toxicity to Biota . ter column, sediment and biota
The distribution of chromium in biota from the San Francisco Bay is F]evated levels of coppe    ^   a aconcern. Copper, co s1  red tOnot clearly defined. One study by Risebrough et al. (1978)

-ith" some areas.ar~ aindicates that certain local sources have increased concentration w
be relatively ~u^. .

levels in molluscs.taken from the South San Francisco Bay; a second concentrations as low as 10 ppb (AHI,304,F13)
did not indicate such a gradient (AHI,178). Chromium levels of 13 as the third
ppm dry weight (1.8 ppm wet weight) have been detected in clams ,
from the Antioch area, which suggests a major point source there,

After mercury and silver copper is generally ranked

while a second point source is considered, likely in the vicinity of
most toxic of the common trace metal contaminants to aquatic biota

(AHI,304.40). The 1986 EPA recommendation is that the one-hourPittsburg. These are thought to be industrial in origin because average ~oncentration not exceed 2.9 ppb more than once every three
several metal finishing and manufacturing plants are located there

years on the average (AHI,304,40).
(AHI,34,180). BecauSe chromium can beharmful in high doses, and from 2.5 to
because substantial point sources appear to be introducing chromium
in some quantity, additional monitoring in water and biota is

South San Francisco Bay dissolved copper levels range
0 b and appear to be elevated compared to local ocean

needed. 4. PP .... =^-o of 0.25 to 0.6 ppb (AHI,304,42). In the northern waters
concen~r~,u-~                                            , suggesting

3.3.3 Conclusions
reach of the Estuary, copper concentrations in receiving

" generally decrease in proportion to increasing salinitYlevels ofthat riverine loads of copper are important. Elevated
. hich do not correlatewith theBecause of the fairly flow chromium levels ~eneral]y found in fish .... ~ .... ~r of 2.0 to 2.F ppb~ w ._~. ~=, or northern Central

and shellfish from the Bay-Delta region (other than for some linit gradient ~n ~_so~th. tea likely coPper~c°n~~,~edlocally contaminated s~tes), chromium does not appear to warrant a ~a
public health concern,i However, elevated chromium levels in the
Sacramento and San Joa~uin watersheds above the Bay-Delta Estuary
are a cause for concerh of aquatic life in Bay-Delta waters.
Currently, no direct measurements of chromium, particularly of Islais Cre~ a ~ __~ ^~ ÷~ ~an Mateo Bridge,

Point, at t~e eas~ u,u ~. ...... extreme ofchromium VI the most toxic component of total chromium, exist for
.Bay-Delta receiving waters. Due to lack of monitoring, the amount Redwood Creek, and at near shore areas of the southern

the South San Francisco Bay (ARI,304,46,F16).
reaching the Bay-Delta ~stuary from these upstream sources in
dissolved and particulate form is not known.

Althounh local discharges

a

3.4.1 Public Health

Although it is apparent ~hat copper levels in Estuary biota Cosumnes r~vers, u
approach or exceed mediab international standards, it is not clear

Reservoir on Stony Creek all show

that copper presents a t~reat to human health. The median
compared to those statewide (SWRCB,TSM Program) Levels in theKeswick exceed EPA IgBO freshwater criteria

international standard for copper in fish and shellfish is 20 ppm Sacramento River near    .    standard of 5.6 ppb at a hardness of
-. of 24 pb compared ~o ...... ~n 1980; 45 Fed. Reg.,overage P ¯ i~eria ,u,. ~, .ww (SWRCB,TSM Program, Ig86). Copper in finfish and shellfish has ( _. fFPA Water Quality ~r ~-~ ~-A. ~cal rainfall causes

been detected at elevated levels at several locations in the 40 m~/l) ,-~- -A~+~on is aggravazeu ~-~?.’~ __~.~ acid mine
7Q~IB~ This co,~.~ __ e~,n Creek wnlcn r~,,~.. ~ ,.~ ~sCentral Valley (up to 330 ppm dw in liver tissue fromrainbow trout
[~3~l’~rnm a debris oam on av-~ ..... ~o low because shasta u~,,,.at Keswick) and fish from these upstream areas may migrate through i ~," "-7T~ _ +ime when river ~u~ ....

the Estuary (AHI,304,63).! Waterfowl (greater scaup and surf drainage a~ ~ ~ ¯

sc6ter) from the South Bay have copper levels in the liver of 96.8
storing Sacramento River water (T,XLIV,169)

have been
+ 7.6 ppm and 49.8 + 3.6 ppm dw, respectively (AHI,304,65). These~

he ambient concentrations of
~evels compute to n~arly 20 ppm and 10 ppm when converted to wet

Acute toxic effects on freshwater and marine organisms
shown to occur at concentrations in the range between about 0.05

weight. The prevalence o~ organisms showing tissue concentrations ~ 0.0 b (AHI,3~4~FI~). _T    - Ita waters at.so.me ~mesof copper above the median-international standard does not d~ssolved copp ___~ ..... ent EPA s~an~aru~, ~"~necessarily imply a threat to human health. Copper is less toxic
and locations exce~u ~--to mammals than to aquatic~biota and common foodstuff contain up to

10 ppm (SWRCB,1978). There is no evidence that human poisoning has effects threshold (AHI,304,66)-
ever occurred as a result of human consumption of copper in water,
but doses of 60 to 100 mg of copper taken by mouth cause nausea and
intestinal irritation (SWRCB,1978).
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3.4.3 Co clusions

Sediments in near shore areas and creek mouths exhibit elevatedAlthough current copper levels in biota of the Bay-Delta are not
i lead levels (as compared to offshore areas) with Mission Creekconsidered to be a human health problem, it is clear that elevated

(AHI,304,151). This finding is consistent with the belief that
sediments near San Francisco reaching 2580 ppm dry weightlevels in the water column, sediment and in biota within some areas                       lead pollution is associated primarily with urban runoff. Sediment

are a biological concern. As such, discharged loads of copper to
receiving waters should be further reduced,                                              lead levels range from 13-62 ppm dw in Suisun Bay and 30-38 ppm dw

in the lower San Joaquin River (AHI,304,154-156).Available data indicate that Bay-Delta water and sediments contain

3.5.3 Conclusion
m.~derately elevated cqpper concentrations. Some areas, in
particular Palo A1to, iRedwood Creek, San Leandro Bay, Islais Creek

Based on the available data; lead does not appear to be a problem
and Mission Creek contain high sediment levels. In addition, high

with respect to Bay-Delta biota. It is only of moderate toxicity in
copper concentrations have also been found in biota from some areas

aquatic environments and generally speaking has not been found in
of the Bay-Delta suggesting that copper may be h
within theBay-Delta. ; Although available copperighly bioavailable

elevated levels in the water, sediment and biota of the Bay-Delta.data suggest
However, elevated lead levels were found in the sediment and tissues

significant sources of the metal within San Francisco Bay (sewage

of shellfish in certain local sites where they may be of concern.
treatment plant discharges are one documented source) (AHI,304,64)0

Currently, little information is available on detrimental effects to
riverine sources particularly from.the upper Sacramento River as a
result of mine wastes-Fontribute a significant load.

human health related to lead concentration in sediment and biota.
3.5 LEAD i The State Board will request the information necessary for

I regulatory decision making from the Depar~m.ent of Health Services
3.5.1 Public Health

~
(DHS) (see Chapter 4, Section 4.3.3.4). Because these localized
sites with elevated levels of lead are exposed to urban runoff or

Lead is a powerful neurological toxin in huma
.

industrial pollution and not used for shellfish harvesting, human

sediments andp ..... ~oo~=.~ m~rlx, leaa levels in water!
lead exposure is not considered to be a major problem throughout theshown in the roblem a ~

Dlo~a OTiOSe ~ay-Delta Estuary are, in general
highly elevated;      ’    ¯ only occaslonally do levels exceed the mussel
watch and toxic substance monitoring EDL 85 and 95 levels and the                    3.6.1 Public Health
median international standard of 2.0 ppm~mfor both fish and
shellfish, Although no widespread lead pollution or contamination

The Food and Drug Administration has set a mercury action level of
problem exists within the watershed, some localized areas within

1.0 ppmwwfor fish and molluscs. In 1985, DHS published an
the Bay do exhibit elevated lead levels. These areas appear to be

advisory level (since rescinded) of 0.5 ppm ww for protection of
associated with local sources (e.g., urban runoff or industrial

human health. The guideline for predator protection recommended by
pollution) rather than an indication of San Francisco Bay-wide

the National Academy of Sciences has also been set at 0.5 ppmv~v;
contamination (AHI,304,156). High tissue levels in mussels (10 to

this is the same level as the median international standard for
40 ppm dry weight, 1.43-5.71 ppm v~v) are reported at Tara Hill,
Carquinez, Albany Hi11,~and Sausalito, Treasure Island, Islais
Creek and Redwood Creeki(AHI,304,159,160). Data on lead in other fish and shellfish.
organisms and from upstream areas indicate little cause for

The Toxic Substance Monitoring Program reported mercuryconcern.
concentrations exceeding 1.0 ppm wet weight in fish tissue both at
Clear Lake and the Guadalupe River, a tributary to the South San3.5.2 Aquatic Toxicity to Biot~
Francisco Bay (SWRCB,TSM Program). DHS has issued health
advisories regarding mercury in several fish species from Clear
Lake and for striped bass from the San Francisco Bay (AHI 304,356)

Lead levels in sedimentsi of the Estuary do not indicate particular

, ¯problem.

Mercury concentrations in mussels of San Francisco Bay tend to beLead is only moderately ~oxic to aquatic organisms (AHI,304,144).
higher in the northern and southern extremities of the Bay than inThe EPA standard for lea~ in marine water is 5.6 ppb as a 4-day
the Central Bay. Levels of total mercury in native Bay mussels

Francisco Bay waters is,!for the most part, apparently (Mytilus edi!is) range from 0.25 ppm dw to 0.74 ppm dw (0.03 ppmaverage and 140 ppb as all-hour average (AHI,304,149). Lead in San

ww -- O.~p--~w) in the northern section of San Pablo Bay to
particulate- 0.25 ppm dw to 3.49 ppm dw (0.03 ppmww--O.5 ppmww) in the

associated rather than dissolved; it appears to be derived mainly

southern section of the South Bay (AHI,304,F46) (SWRCB,SMW Report,
from urban runoff (AHI,304,151). The lo~er South Bay exhibits

1987). Some sites within the Bay suggestive of local
relatively higher levelsOf dissolved lead (0.3 ppb) compared to

contamination. These sites include the Islais Creek/Mission C~eek
the Central San Francisc~ Bay.(O.01 ppb) (AHI,304,152-153).

3-8

3-9



-area and between Coyote Point and Redwood Creek. Total mercury ;~- 3.6.3 Conclusions
1 concentrations in Pacific Oysters (Crassostrea gigas) at Redwood ¯

Creek approach and exceed the 0.5 ppmww level for protection of iI~
Because of mercury’s tendency to exist, in high concentrations in
biota, and because of the toxicity of organic mercury (methyl-

public health (AHI,304,122).
~    ~i mercury) to humans, its presence in the Estuary is of serious

concern. The State Board will request the Department of Health

i
3.6.2 Aquatic Toxicity to Biota Services to review available mercury data in light of human health

i Mercury is very toxic in aquatic environments; its effects on biota
impacts.

i are evident at the part per billion level (AHI,304,111). However, Mercury is very toxic in aquatic environments; its effects on biota
.. limited data exist to assess the impacts of the various forms of . are evident at the part per billion level (AHI,304,111). A

mercuryon the biota. Most studies have measured total mercury majority of the element originates from the drainage upstream of
without identifying the chemical form it takes. Methylmercury is the Bay and Delta. Sources include the deposits from the Coast
most toxic and most highly bioavailable, and is the form Range and wash down of mercury used in historical gold mining
predominantly found in finfish muscle samples (AHI,304,121). The activities in the Sierra Nevada. Mercury, however, is also present
National Academy of Sciences (NAS) guideline for predator- in significant quantities in urban runoff which has led to elevated
protection is 0.5 pp~ wet weight-of total mercury (AHI,304,120). levels in localized areas (AHI,304,117). Levels of mercury in the
Mercury in mussels and Pacific oysters from Redwood Creek exceeds biota from these areas approach and exceed the NAS and FDA
this level. Ducks which feed on shellfish in the San Francisco Bay guidelines. Unfortunately, very little reliable information is
have liver mercury levels of 12.5 ppm dry weight, which it is available on mercury levels in Bay-Delta waters (AHI,304,114).
speculated may offer some protection from selenium toxicity since
concentrations from b6th elements are antagonistically correlated
in some species (AHI,304,130). Animals or humans which feed 3.7 NICKEL

extensively on molluscs, fish or birds in the Bay-Delta would
appear to be exposed to a risk of mercury contamination because of 3.7.1 Public Health .     .

levels in tissue above NAS or FDA guidelines. However, there are The available information for nickelIn Bay-Delta biota does not
no available data assessing that risk or identifying losses and =convincingly reflect a threat to human health.
community-effects (AHI,304,132).

Different species of benthic biota appear to have different
Soluble mercury concentrations in southeast San Pablo Bay range abilities to concentrate nickel from the environment, so that two

ec~es from the same site may have different concentrationsfrom .006 to .011 parts per billion (ppb), with total levels
~P ’ - ............ ~1~neck Clams (Tapes japonica) appear(particulate plus dissolved)of .009 to .028 ppb, which is greater
~H~304 1B~. Japan~ ,,~,~ ~-~-~- ¯than the open ocean concentration and approaches or exceeds spo~d t nickel loads in the South San Francisco Bay at Coyote

slightly the EPA’s recommended standard for marine life protection Point, Foster City and Redwood Creek, indicating elevated levels,
of 0.025 ppb (AHI,304,114). Elevated levels of mercury occur in while other molluscs at these sites show no such concentrations
sediments of San Pablo Bay (1.0 to 7.0 ppm dw) and South San (AHI,304,188).
Francisco Bay (1.0 to 7.0 p~m dw) compared to the 0.25 to0.49 ppm
of Central Bay(AHI,304,F42). This pattern may be explained by "

It should be noted, however, that mussels in certain localixed
mercury input derived from fossil fuels and urban runoff. The areas contain elevated nickel levels. These areas include Mare
generalized enrichment in mercury of the Central Valley watershed, Island Strait, Carquinez Strait, Islais Creek and Redwood Creek,
derived from mercury mine wastes, and mercury used and lost in gold with mussels showing levels of 5.0 to 16.9 ppm dry weight (0.7-2.4
ore extraction affects the upper estuary sediments (AHI,304,119). ppmww) (Risebrough et al., 1978).
Dredging and dumping redistributes these enriched sediments and may ’
render them more bioava~ilable (AHI,304,119,120). A median international standard is not available for nickel.

Mercury is directly toxic; it is also converted to its methylated
form by microorganisms.~ This methylated form is particularly toxic

3.7.2 Aquatic Toxicity to Biota

and important in food chains (AHI,304,121). There is a wide range Nickel concentrations in freshwater are of concern to the biota
of acute and chronic toxicity values for various forms of mercury because measured concentrations (1.0-2.0 ppb) approach levels which
to aquatic biota, and uncontaminated sea water closely approaches have resulted in toxic responses to test organisms as indicated by
the lower toxic concentrations (AHI,304,112). EPA recommends national data base information. The reported lowest effect level
criteria for chronic exposure to mercury of 0.012 ppb (4-day (see problem matrix) in freshwater is 4.1 ppb which has resulted in
average) or 2.4 ppb (one-hour average) for freshwater aquatic life ~ mortality to the narrow-mouthed toad embryo. Elevated nickel
and 0.025 ppb (4-day average) or 2.1 ppb (1-hour average) for ~ii levels occur upstream of the Delta and are associated with
marine biota based upon the propensity of methyIB:ercury to discharges from mines, urban runoff, agriculture a~d NPDE~ .
bioconcentrate (AHI,304,114). discharges. Currently, there is no existing num.er~cal oboect~ve

for nickel in the Delta for protection of aquatic species.



Selenium in the Bay-D~Ita Estuary has received close attention in
Data from fish and wildlife of the Bay-Delta also do not show the last five years, and~despite its complex bio- and geochemistry,
consistent patterns of nickel contamination. The very small amount considerable understandinghas been gained. Seleniferous soils in
of TSM data on nickel that is available shows only occasional high the coast range contribute loads of about 6.91 kg daily from the
nickel values in fish livers from the Bay-Delta basin (SWRCB, TSM Delta to the Bay (AHI,304,85). Agricultural drainage carried by
Program, 1985, 1986). Higher levels have been reported in samples the San Joaquin River results in selenium loads of from less than 2
elsewhere in California (AHI,304,191). Waterfowl tissue data
(Ohlendorf et al., 1986) from surf scoters and greater scaups from

kg to 59.9 kg/day at Vernalis (USBR,IOT,T1). Because of diversion

the South Bay do not indicate significant contamination. Levels
and reverse flows in the lower San Joaquin River, much of the
selenium load from agricultural drainage does not reach the lower

above the detection limit of 0.1 ppmwwwere found in only 27 estuary (AHI,304,77). There are indications of 6.18 kg/day of
percent If surf scorers and 22 percent of the scaups examined selenium input in mid-estuary from refineries in the region of the
(AHI,304.190-193). ’ Car uinez Straits (AHI,304,85). Other, less well-defined sourcesq    ’       ntl enter the South San Francisco Bay because

of selenium appare y                                  ~Nickel shows a north-south gradient in the waters of San Francisco elevated levels of 0.12 to 0.36 ppb of dissolved selenium occur
, Bay with a high concentration (8 ppb) of nickel in the extreme there, in comparison to levels of 0.14 to 2.26 ppb (USBR,107,15) in

South San Francisco Bay~ and lower concentrations in the Delta (2 the San Joaquin River. Few data are available on selenium in Bay-
ppb). Concentrations o~ 8 ppb in solution in the South San Delta Estuary sediments, but evidence indicates that selenium loads
Francisco Bay approach the EPA criterion of 8.3 ppb for a four-day from particulates and sediment constitute only ten percent or less
average in marine waters (AHI,304,185). Delta outflow carries some of the selenium load reaching the Estuary in solution
nickel into the San Francisco Bay, but level~ average only 2 ppb (USBR,IO7,FS).
(AHI,304,185). Nickel ~istribution in sediments follows a similar
pattern to nickel in solution (AHI,304,187). Nickel appears to be For human health protection, DHS has in the.past used a threshold
tightly bound to sediments and thus of low bioavailability of 2.0 pmww in fish (edible portion) for issuing health
(AHI,304,188) ...... ~-- ~ .... h this concentration is not formally adopted or~ BOVlSOrl~, ~uu9

codified in the regulations. DHS staff also recommended a maximum
3.7.3 Conclusions allowable residue level (MARL) of 1.0 ppmww (edible flesh) for the

protection of sportfish and aquatic birds. The 1.0 ppm level is
Nickel does not appear ~o represent a public health problem in the intended by DHS to "prevent bioaccumulation in the food chain and
Bay and Delta. However,i very little information is available on to protect the public who consume the sportfish" (SWRCB memorandum,
detrimental effects to human health related to nickel 7/16/86). The median international standard for selenium is 2.0
concentrations in sediment and biota. Median international ppmww for fish and 0.~ ppmww for shellfish (SWRCB, TSM Program,
standards are not available for this element nor are state or 1986). ~
federal guidelines.

Levels of selenium in Bay-Delta Estuary shellfish are-at higher
The waters of South San Francisco BaY have shown ~omewhat elevated levels in the northern reach of San Francisco Bay (mean of 0.9-1.2
levels of dissolved nickel, up to 8 ppb, which approaches EPA’s 4- m ww) and in the southern reaches of south San Francisco Bay
day average water quality criterion of 8.3 ppb. Delta waters show ~ ~ ~ 0-1 3 o~mww) than i~ the Central Bay (mean o~ 0:~-0.5
dissolved nickel concentrations of 2.0 ppb. Elevated levels occur ~"’~ ........ ~

ppmww) (AHI,304,F37). Regardless of the area, these an~ o%ner
higher in the watershed and are associated ~ith point sources, reported levels approach and often exceed the MIS of 0.3 ppm for
mines, agriculture, and ~rban runoff. Currently, there is no shellfish.
existing numerical waterlquality objective for nickel .in~the Delta
for protection~of aquatic species. Because Delta levels approach Additionally, reported shellfish levels often approach and exceed
the reported lowest effect levels (4.1 ppb, which causes mortality the Mussel Watch EDL 85 level of 0.6 ppmww and EDL 95 level of 0.8
to the narrow-mouthed to~d embryo), water quality objectives should
be established,

ppmww (SWRCB,SMW Program,1987).

The Toxic Substances Monitoring Program only recently (1983)
3.8 SELENIUM started analyzing fish samples for selenium. Largemouth bass

sampled in 1985 from Alameda Creek south of South Bay and Lake
3.8.1 Public Health Herman near San Pablo/Suisun bays showed elevated selenium levels

of 1.2 and. 1.6 ppmww i~ their livers (AHI,304,93). TSM sampling
Selenium is a complex element which can exist in several oxidation in 1987 of fillet portions of starry flounder from Suisun Bay
states and different chemical forms within an oxidation state. It indicated elevated selenium levels of 1.10 ppm ww; white sturgeon
is an essential element (requiredfor the maintenance of health) and striped bass there contained 0.69 ppm ww and 0.48 ppm ww,
and a toxic element. The toxicity of ~elenium is affected by its .~
chemical form (USBR,105,1;AHI,304,68).

.~ respectively (SWRCB,TSM Program,1987). There is evidence that food
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chains concentrate selenium and benthic food .chains appear to do s~ ~

Ira are available. It has been noted that selenium     .
to a greater degree than.pelagic chains (selenium concentrations in

Few data on selenium concentrations in the sediments of the Bay-

benthic-feeding sturgeon and flounder tissue exceed those in ~ . enerally higher than those ~nDe    trations in mussel~ were g w affinity for suspended
pelagic feeding striped bass tissue)(AHI,304,gs).      ~                    !:         con~en . _-~ ~+ ~elenlum has a Io

sediments anu ~-~ ~           act as either a source or sink for
3.8.2 Aquatic Toxicity to Biota particulates. Sediments could

the element (AHI,304,85,87).
ic Health), elevated levels ofReports on the biota and waters of the Bay-Delta by various authorsi .... ¯ action 3.8.1.(~_ .~ ¯ "sh of the North.and

(Risebrough et al., 1978; Girvin et al., 1975; Cutter, 1987) ~ As o~scus~ed ~_~ ~-nd in she1IT~sh ~,d.f~nf~^ ~^-th Bay an~
indicate that elevated concentrations of selenium exist in the ~                           selenium naVewat~rfowl~U~- -~ (scaup       and scoters~ ~n.

northern reach of San Francisco Bay (within the Carquinez Strait South b~ys.. - ~^~^~÷able levels of selen~um which
area) and to some extent in the southern extremities-of the South . Suisun Bay snowe~

Bay. Major sources of selenium in the northern Bay include the Sa~ ~.
tissue comparable to levels in dabbl.ing ducks from Kesterson

Joaquin River (and to a lesser extent the Sacramento River) and
had reproductive problems. No such problems however, havebeen

effluents from oil refineries within the Carquinez Straits.
documented in scaup and scoters from the Bay-Delta because they do

Sources of selenium in the South Bay are thought to be caused by not nest locally.
eitherweathering o~ the Almaden Hills sulfide deposits or sewage
treatment plants in!the South Bay or both (AHI,304,80- ~ 3.8.3 Conclusions fin fish,
83,85,110;USBR,105,~7). . i~!

. s in the Problem Assessment

~
~ ¯

~..
Elevated levels of selenium have been found in shellfish,
and waterfowl particularly of the North an6 South bays. When

Selenium concentrations in water measured in 1987-88 at Vernalis on ~:~.’~ ~ he various alert l~el ~ ~, ~evels~, a public health
the San Joaquin River were reported with a median value of 1.7 ppb ¯ ¯ ¯ HS s MA , ~t of these .
and a maximum of 4 ppb. Upstream in the San Joaquin basin (but i~. Matrlx~,~n(~ncIHd~g.D~or ~nd~v~dua~s who^...~h~might consumedata on
still downstream from Salt and Mud sloughs) concentrations ~are ~"?Z~_~ is warrante~--~?"~’Z Z^^. ~nd will continue ~u u~
higher with median values ranging from 2.0 to 6.4 ppb (RWQCB,5). org~p~ .... ~ ÷ho Bay-Delta haw

in the D~o~ u. .... ~ and consideration of human
An analysis of selenium water concentration data measured at
Vernalis and reported on STORETmedianfOrl.0the periOdand 1960-1987maximum valueindicatesof 5 forwardedpotential tOhealththe DHS for their~ review
a mean value of 1.1 ppb, a ppb a impacts., of selenium to bioaccumulate,

the

e of the stron~ tendency av-Delta are cause forppb.
Becaus s of the B
levels measured in the watuF sQfor selenium in the Bay DeltaStudies of diving ducks {scaup and scoters) in the South Bay and cern. Currently, ~i°~)~t~t~ uality Control Board 2 h~s not

Suisun Bay show levels of selenium in their liver tissue ranging ~ablished water qua~Y ouj=~,-
from 19.3 to 34.4 ppm dw (5.5-9.8 ppm ~N) (AHI,304,T17). Levels of Estuary. ." Regional Board.    oaouin5 has adoptedRiver, andSeleniumits tributaries-Water qualitYHowever,
selenium in these-San Francisco Bay ducks are comparable to levels b. ect~ves f~r the San ~ "-~,o-tIv re~ected by the EPA.in dabbling ducks from Kesterson (25-34 ppm dw) which had ~-~ -~^~+~es have b~en -~..
reproductive problems, although different food habits among these these ouj~ ....

species and possibly different susceptibility may be involved
(AH1,304,107). Nonetheless, selenium levels in the South Bay and 3.9 SILVER
Suisun Bay diving ducks exceed DHS’ MARL of 1.0 ppmww. It should
be noted however, that DHS’ MARL is based on selenium levels inthe 3.9.1 Public Health " levels of
edible portions (fillets) of the organism. The data presented ~ Human health does not seem likely to be affected by
above are based on liver tissue. ~ silver found in San Francisco Bay.

¯ ~ !~ for silver. The
Selenium is assoc~ated~with embryonic abnormalities in birds from ~ EPA’sKesterson National Wildlife Refuge (NWR). This refuge, which ~i A median international standard is not availableexisting maximum contaminant level drinking water standard set in
received agricultural drainage water from the San Luis Drain, ~ 1962 establishes a limit of 50 ppb for silver (SWRCB, 1978).
showed elevated levels of selenium and other trace elements (boron, ~.

hated water and contaminated aquatic organismscalculated level which is protective of human health against
silver) in local biotaiwhen compared to a similarly operated nearby

~
"¯ "on of contam~    .     . ¯ Water 1986).~g~ ~ ~ (EPA Qual~ty Crlter~a for ,wildlife area (Volta) supplied with fresh surface water rather than

subsurface drainage (AHI,304,102). The concern is that this i enriched organisms
drainage water, which can no longer be disposed of at Kesterson, ~

ofmight reach the San Joaquin River and Bay-Delta Estuary, and add to
Based on concentrations found in the most highly

the impacts of local discharges,
anywhere in the Estuary, eastern softshell clams from near Redwood

’ Creek would provide dietary silver at about 28 ppm wet weight
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hepatopancreas tissue (AHI,304,T2). This would require a human to " es on nearby Mission Creek were reported aton Islais Creek in San Francisco on the Bay shoreline was reported
consume 36 kilograms of clam hepatopancreas to obtain one gram of ¯ ¯

° at 9.0 ppm and two sl~ ^o~ 1 vels according to pHI indicatesilver,which if all absorbed would produce argyria, a bluish, ~ 9.5 and ~6 p~m dry ~)~n,,T~ ~lver’(AHI,304,13,14)-     "permanent darkening of the skin, but no other known i11 effects ~ "severe local conzam],d~,(SWRCB,1978). ,, ,." k round", or "typical" silver concentrations in( Average .. ba~ g ..... , .... ~-- from 0.01-0.5 ppm dw). A
coastal sediments were repor~u -=-~..,=

Silver levels in shellfish tissue show the s~me gradient in ’
concentrations as found in the sediment. Generally, very low

small area near the Palo Alto sewage treatment plant which AHI
states was "known to be heavily contaminated with silver" was

silver levels of 0.061 to 0.332 ppm dw were found in clam tissue
dent~A~ ~m (Macoma balthic~) whi~h.~ho~e~ ~o~l~s(Corbic~l~ sp.) from Suisun Bay and the Delta¯ These are the same

s detected as a result of metal studies on a

kind of levels foun.d in clams from areas considered pristine. The ep .... ~^~ ~ the sedime,t near the out~a~l
concen~re~u- ,,,TSM program also reported low levels of silver in fish tissue from (AHI,304,23).the Sacramento-San Joaquin basin, with the exception of higher

levels reported in the upper watershed of the Sacramento River. It
is thought that mining activities are the source of these levels.

Studies by various authors (Thomson et al., 1984; Chapman et    ,

Apparently little of the silver, or greatly diluted forms of it,
1986; and Luoma et al., 1984, and in press) indicate a gradient of

reach the Delta and!Bay (AHI,35-38)
sediment silver concentrations increasing from north of San
Francisco Bay to the central and especially souther~ reaches of theBay. In general, silver levels are low in sediments from Suisun

Levels of silver inlshellfish tissue from the Bay increase in a                                             "ant 0.4-1.8 ppm’dw Central Bay~ 2.~-4.0"̄ Bay and the Delta (0.028-0.389 ppm dw) and gradually increase
north to south grad~entwith maximum levels occuring at Palo Alto.

"Silver in clam tissqe from the most-enriched site near Palo Alto
along a southern radl " !

cer~a~nw Palo Alto area¯ ~dd~t~nal~y~_~P~,~s reviously~e men~on~,hinh silver levels
fluctuates seasonally, with a maximum approaching 200 ppm dry d . ¯ no ~uu~,

correlated withweight (AHI,304,28).1 The seasonal fluctuation is
locations wlth~n the Central a

Delta outflow, and i~ is hypothesized by AHI that enhanced mixing in the sediments. These locations include Islais and Mission
and reduced residence time of water in the South San Francisco Bay Creeks and the Palo Alto area (AHI,304,13-16)-

during times of hi~houtflow allow clams to excrete accumulated
silver (AHI,304,28).~ 3.9.3 Conclusions

3.9.2 Aquatic Toxicity to ~iota Silver levels in the water, sediments and biota of the Bay-Delta do

not appear to represent a threat to public health. Elevated silverr to re resent a threat to aquatic biota,

levels, however, do app~a^ . ~P--~ ~^.~÷~ ba~s Silver is knownDespite evidence of silver contamination in the South San Francisco particularly in areas o~ ~en~ra~ a~u ~-~- ~ ¯
Bay, little information exists on food chain effects or population to be extremely toxic to freshwater and marine biota.
impacts resulting from these silver levels¯ Ducks show elevated
levels of silver in their tissue in South San Francisco Bay

Data on silver concentrations in the sediment and biota of the with
compared to values reported in the literature for waterfowl from
Vancouver and ChesapeakeBay. No data exist to show whether the

Central and South bays indicate elevated levels, particularly

levels they have constitutes a hazard (AHI,304,39).
regard to bioavailability. However, currently there is very ]ittle
information regarding the transfer of silver through the food web

Silver is extremely toxic to freshwater and marine biota; or on the toxic effects of Such a transfer.
detectable effects are found with dissolved concentrations as low
as 0.36 to 0.57 ppb. !These concentrations retarded larval growth 3.10 TRIBUTYLTIN
in two species of sea urchins. Lethal effects have been seen in i 3.10¯1 Public Healthoyster and clam embryos at 6 and 13 ppb, respectively (AHI,304,7). ii " of
Rainbow trout, including the migratory sea-run strain known as
steelhead, experience mortality or reduced ~rowth in silver

.The limited data available on tin in San Francisco Bay are those

concentrations of O.l~ppb (T,XLV,145:1-4) (USFWS,43,2). GoldbergBoard. In(19B7)theseC°nductedstudies, fOrsamplesthe Stateof waterWaterandRes°urCeSsediment wereC°ntr°l
Stickleback fish are ~eported to exhibit a 96-hour LCSO of 10 ppb collected from locations in the Central Valley and San Francisco

harbors andmarinas) and analyzed for organic species(AHI,304,8). The EPA !standards for total recoverable silver are
.... Bay (mostl~ ...... ~ ..... H,+v in~. Tributyltin was present2.3 ppb in marine waters and 1.2 ppb in freshwater; these are also (tributylt~n, ~ou~y~,, m~, ....

:It .
..    ions than the other species at.most sitesthe San Francisco Bay Basin Water Quality Control Plan objectives

at higher c~n~rat~_ ~ .... ~-- record has virtually.no ~format~on(AHI 304,11). Maximumidissolved silver levels in the Central and ,     5-19b ¯ ~ne -~-,-~ " "
’ ...... " (AHI,304,19     )    - azard associated w~nSouth bays were 0.31 ppb in 1976-77 and had a mean of 0.042 ppb. available to suggest a human health h .

tributyltin.
Silver also occurs in sediments in the Bay-Delta Estuary. Except
for some sites with higher levels, the range of silver found in Bay
sediments is from 0.1 to 4.9 ppm, dry weight (AHI,304,13). A site

3-16 3-17



3.10.2 Aquatic Toxicity to Biota

Tin in inorganic forms is of generally low toxicity (approximately 3.11 ZINC
10,000 times less toxic than equal concentrations of silver or

3.11.1 Public Healthmercury) in its elemental or inorganic form (AHI,304,198); the

Zinc concentrations in the biota of the Bay-Delta are considered to
median international standard for tin in fish flesh is 150 ppm and

be only moderately elevated with no unusually high contamination
for shellfish, 199 ippm (CBE,8,C6). However, the recent development
of organo-tin compounds for anti-fouling coatings has raised tin
toxicity as an area of concern (AHI,304,49-!94). The most common apparent, and are therefore not a threat to the public health
organo-tin, for example, tributyltin, is extremely toxic to within the Bay-Delta.
molluscs and other marine phyla. Known harmful effects occur at

The median international standar~ for zinq is 45 ppm in fish and 70levels of less than~O.1 ppb (AHI,304,198); tributyltin for
ppm in shellfish. The Mussel Watch elevated data level for the 85example, is toxic to oysters~at water concentrations as low as

0.050 ppb (AHI,304,195}. The reported lowest effect ’ and 95 percentile (EDL 85 and EDL 95) is 33.07 ppm wet weight and

trib~tyltin (see "Alert Level" column.in the rob    level for 38.54 ppm, wet weight, respectively (SWRCB,SMW Program, 1984-85).

matrlx) is 0.08 bob ,(8 nn÷~ ~, ~.^_L. - ~ lem assessment¯ rr ;, 0 ~ ,, --~wa~er and O. Data from the State Mussel Watch Program from 33 sites in the
tributyltin,~n saltwater. The standards for t~n" are clearly= ~47znadequateppb (47forppt) San Francisco Bay for the years 1980-1987 were reviewed for zinc

concentrations in transplanted mussels Mytilus californianus and
bay mussels Mytilus edulis (SWRCB,SMW Program, 1987). Except forReported effects at these levels are decreased growth, in the
some elevated levels at ~calized sites (Central Bay, Alameda Yacht

embryo/fr~ stage of~ ~romeI~s (fathead minnow) and Harbor--64.5 ppmww; South Central Bay, San Mateo Bridge--37.2 ppmblocked oviducts in the~1~ life ~tage of the mud snail,
ww; South Bay, Dumbarton~Bridge--47.5 ppmvav), the majorityof the~.lapillus, respectively. Levels as low as 0.057 ppb data for this review~period consistently falls below the median~b/ ppt~ and 0.095 pp~ (95 pp~) in marine water had reported
international standard and EDL 85 and 95 levels; it is thereforeeffects of decreased growth in 100 percent of the samples of the

oyster ~strea edulis (spat) and 50 percent mortality in the l~rval considered only moderately elevated with no unusually high
stage of the ussel Mytilus edulis (Tribut ltin Pr" contamination (SWRCB,SMW Program, 1987). This finding is supported
Study, SWRCB, 1987), Y 1ority Chemical by work done by other researchers who studied zinc concentrations

in Bay-Delta biota (Girvin et al., 1975; Risebrough et al., 1978;
’ Bradford and Luoma, 1980). It should be noted, however, that theseTributyltin is present at elevated concentrations in harbors and

researchers did find evidence of elevated zinc levels in the biota
at localized sites including Mare Island Strait, Albany Hills, Tara

marinas~ e.g., levels~of 0.230 ppb at Oxbow Marina in the Delta and

Hills, Islais Creek and Redwood Creek. However, concentration
0.350 ppb at the Anti6ch Yacht Club (AHI,304,196) (also see Problem

levels found at these sites are not considered to be "greatly
Assessment Matrix, p. 4b). Levels of tributyltin and other

i elevated" nor are they "exceptional" when compared to locations
butyltins are sufficiently high in semi-enclosed, poorly flushed
marinas to pose a threat to sensitive non-target species (those

elsewhere, such as Tomales Bay or Half Moon Bay (AHI,304,167- 168).which do not grow on boat hulls) including algae, crustaceans
molluscs, and fish. ’ 3.11.2 Aquatic Toxicity to Biota

3.10.3 Conclusions
Zinc is less toxic to aquatic organisms than copper. EPA’s 1986

~ standards propose a four-day average concentration of 86 ppb inInorganic tin is oflo~ toxicity to biota in aquatic environments,

ppb (AHI,304,163). Dissolved zinc is found throughout the
marine waters and-a one-hour average concentration not exceeding 95

ofBUtylatedhigh toxicity.f°rms of Notheinformationelement’ however,is availableSUCh aStotributyltin,suggest thatare
Bay-Delta Estuary, with the highest levels of about 2 ppb in the

tributyltin or similarlspecies are of concern to public health extreme South San Francisco Bay and about 1.5 ppb near the Baywithin the Bay-Delta. ¯ Bridge. The latter site is thought by AHI to be possibly
Elevated tribut lt~n " I . associated with a discharge from th~ East Bay Municipal Utility
an~ marinas within the Bay-Delta are of serious concern District (EBMUD) sewage treatment plant (AHI,304,163). However,. Y " ~e.vels within poorly flushed waters of harbors

much higher values have been observed in the extreme South Bay withtheir possible effects on aquatic biota. Available datain terms of
1987) suggest that the compound is present in sufficient (Goldberg, a1986maximum(BADA,7).of 84 ppb recorded south of the Dumbarton Bridge in July
concentrations to produce toxic effects in sensitive species.~
Currently, no water quality objectives are available in the Bay-                            Zinc is of concern in the Delta because concentrations measured in

~elta by either Regional Boards 2or 5 for protection of aquatic

-;~ the Delta and upstream waters approach levels that result in aife ~rom tributyltin, iSuch objectives are necessary as are any
"~ toxic response to test organisms (30 ppb--also refer to the "Alertother methods which can~effectively regulate usage and control of

"Level" column in the problem assessment matrix) Elevated zincthis highly toxic element. ..
levels upstream from the Delta are associated with mine discharges,
which, it is estimated, account for more than 70 percent of the
zinc loads in the Sacramento River (RWQCB,5).
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~bstantial concern has been raised by high zinc levels in. acid

difficult (AHI,304,281). Available data often l~ hydrocarbonmne waste near Keswick on the upper Sacramento River (RWQCB,5,SB).

.Cadmium, copper and zinc levels from the Keswick area are ~ pollutants into a single category identified as l and grease" "synergistic and acute,ly toxic to young salmonid fish which support
a major Central which frequently reaches the estuary in urban runoff, sewage

Valley and Estuary fishery (RWQCB-5,SC). Riverine effluent and industrial discharge.loads of zinc from this and other locations contribute to the
mo<lerate]y high levels in sediments mentioned earlier.                                   Some data exist regarding mononuclear hydrocarbons (MAHs) and

polyaromatic hydrocarbons (PAHs). MAHs are not considered to be a
with only ]ocalizedA a~eas showing levels sufficient] are unexceptional, elevated to .human health problem in the Bay-Delta Estuary. They do not tend to

~ ~ ~ ~I,~p4~17~;302,307). In genera], zin
accumulate in sediments and most aquatic organisms metabolize and

In the Bay-Delta Estuary generally, zinc levels

depurate MAH’s rapidly. PAHs include compounds which aret    n n tbelse~iments of the Bay-Delta
carcinogenic to laboratory animals (e.g., benzo-a-pyrene and benzo-Pp~dryweight.

~’                         are at about I00 a-anthracene). Many of the PAHs found in San Francisco Bay
i . sediments are known to be present in urban runoff (AHI,304,286) and~ese levels are not consldered h~gh when compared to other~coastal

levels in the San Francisco Bay compared to other central
~~

,e~b~yments and are only slight]y higher when compared to average atmospheric deposition (T,XLV,89). These chemicals are at high

appears to be tightly ~ound within the sediment matrix. Some sites California coastal~locations (AHI,304,305) but the human health
shale. The majority olf the zinc within Bayo-Delta sediments also

~ implications are not clear.within the Bay, such a~ those close to the
treatment plant ou ;     ¯     ¯      Palo Alto sewa e
gi "           tfal~, sedlments ~n Alb    ¯        ¯ g                         3.12.2 Aquatic Toxicity to Biota._~on Creek, exhibit~hin~ ~ ........ a~y H~ll, Isla~s Creek and

- , u,, =,-~ ~uncen~ra~Ions In Sedlme{A~I,304,166-167). ~ " " nts
}

Hydrocarbons in San F~ancisco Bay biota occur as complex mixtures
2_~_Z’.3 Conclusions making it difficult to trace them to a particular source; petroleum

; compounds from municipal and industrial discharges are considered a
i major source (AHI,304,293). The effects on biota are not well

Zinc concentrations in’the biota of the Bay-Delta are considered to                         natural variation caused by fluctuating outflows, high tidaldefined, with possible population impacts of pollutants obscured by~e only moderately elevated with no unusually high contamination

exchange, ocean temperature changes and other perturbations
~pparent, and are therefore not a threat to the public health

(AHI,304,316).
~ithin the Bay-De]~a. ;

~igh zinc levels in acild mine waste on the upper Sacramento River
~ of concern, particu~larly with res ec

. . .
MAHs are a component of crude oil (0.2 to 7.4. percent),

:f: ¯ particularly of the water soluble fraction (20 to 50 percent),ect~ o~ zlnc, co oar an -~ .... ~ t to th~ synergistic~ .    . P~    d ~,u~ ~u o ¯ . ¯ . (AHI,304,282). These compounds are generally accumulated by~ncen~rat~ons ~n Bay and Delt~ .... ÷^~_ ~_~ng s~mon~d f~sh. Zinc organisms directly from the water column, and excreted rapidly in
~

~ -a~F~ dn~ on the upper Sacra~mnto
uncontaminated conditions (AHI,304,282). MAHs possess high vapor

R~ver occasionally apprbach levels that are known to cause effects

pressures, relatively high water solubilities and relatively low
:~ test organisms. ExiSting Bay and Delta water quality objectives

octanol/water partition coefficients (indicating low potential for~eirf°r zinCadequacySet bYinRegiona~proteFtingBOardSaquatic2 andspecies.5 Should be reviewed for
bioaccumulation). Environmental fate studies indicate that MAHs

~LZ ÷"~CC~RBONS i have a very short residence time in surface waters .due to rapid
i volatilization. Almost complete volatilization from surface waters

~ Z-~- - ;~bl~c Health i can be expected six to eight hours after entry. MAHs are
..... ~ characterized by low bioconcentration values and therefore do not

~ i tend to accumulate in aquatic organisms or to be biomagnified in. rocarbons are of con ern because they can enter the Bay, a major
food chains (de Vlaming, December, 1988, SWRCB Report).

~aF~rt~r~ volumesinV°IVedas ainresulit°il:refiningof spills.and transport,Rates of depurationin potentiallYrange
~ The few monitoring data available indicate that MAH concentrations:~a few hours to three or four days.

in California’s surface waters do not exceed lppb. During March,~
April ~nd May, 1987, MAHs were below the detection limit (i.e.,~e ~pacts of hydrocarbons on biota an

-¢za~equately defined ’iB c . d human health, however
-0.5 ppb) in water samples collected at several locations in the

:=m~l~x mixture~ .;. ~-~use hy~roFarbons are often _, are Bay-Delta Estuary. A SWRCB report concluded that MAHs do not pose
_=~ . -of chemnc~Is for wn" compooed of a widespread, chronic contamination problem in the San Francisco~-.m~ques and toxico~ ~-~- ~ch.adequate analytical~ .~e,~, u~ca do noz always.exist, Bay-Delta; and they are not likely to be impacting, either in terms

of bioaccumulation or adverse health effects, the striped bass
"’:erpretation of the toxic problems caused by hydrocarbons is                                 population or other aquatic organism popul tions in this system

(de Vlaming,.December, 1988, SWRCB Report)~



PAHs have been found in elevated levels in San Francisco Bay                           sp 1983) concluded that PCBs are toxic substances that are
Water Resources Control Board report (PCBs--SWRCB, Report No. 83-1~ediments, with particularly high levels in Is]ais Creek (total PAH

hazardous to humans and aquatic life. The report advised thatHarborln exceSSandOfsan10pablomg/kgBaydrY(AHi,304,weight) and lesser amounts in Oakland
~.. human contact with PCBs should be minimized and further" 286). Materials identifiedIncluded phenanthrene, chrysene ben

f]uoranthene and P’~enes --- ’- .zopy~enes, benzo-a anth .... dissemination of these compounds into the environment should be
~. , :ume o? wn’~h r~ ..... - ra~ne, prevented.I~" ~u:.=u-a-pyrene and benzoz.a-athracene) are found to be carcinogenic in laboratory mammals

(AHI-,304,286). The distribution of P
.hetero eneous " AHs is s at Before 1970 60 percent of PCB uses were¯ g ]n the-Sa ¯ P ]all for "closed" systems

m~le or two fe ~ - .... n~Erapc~c°_Bay~over distance~ ~ ~ (electrical and heat transfer systems); the remainin~ 40 percent
..... , -~., ~rKe~ey ~o uakla~, - ~ ~ ~,,,~,I as a i~i~ were for~"open’’ uses (carbonless copying, hydraulic ~luid~ andcons~aeraDle numberlof discre+ ...... ~,,pernap~ ref~ectin a

lubricants). By 1972 all PCB production was for closed systems.Work done by the Na~ionaIi Oceano~ ~uurU~Sra h" ~AHI,304,281).
g

~. In 1976 the Toxic substances Control Act banned the manufacture of
~]~s~ratlon (NOAA) reported d~+~P~ ~n~ Atmospheric new PCBs and prohibited the use of PCBs except in "totally
~u~men~s as "total~aromatics,, ~e’~.~r°c~r~pns in Bay-Delta enclosed" systems. Today, about 750 million pounds (over half of
Surveillance Projec~ for Pacific .... ~u~s~oT ~ei~ 1984 Benthic the 1.4 billion pounds of PCBs produced in the U.S.) are still in
that sediments from~these sites in the Bay show elevated total~u~c se~men~ samples indicate service (SWRCB--Report No. 83-1 sp, 1983).
aromatic levels exceeding 1,000 ppb dw. Of the sites sampled
throughout the nation by NOAA for arom ¯

- i No median international standards for PCBs in fish or shellfish are
(15 of 44)showed h,~gher levels (AHI,3~i~8~~ available. However, the National Academy of Sciences has issued arbons, 34 percent

guideline for predator protection of 500 ppb wet weight and the
3.12.3 Conclusions Food and Drug Administration has issued a tolerance level for PCBs

~ of 2,000 ppb wet weight (AHI,304,221). In addition, the Toxic
Most studies on hydrocarbons to date have focused on Substance Monitoring Program’s elevated data levels are 160 ppbww

State Water Resources Control Board ~ t

for the 85 percentile and 475 ppbwwfor the 95 percentile (TSMmononuclear (MAHs) and w"ol"aro~ m~{IC~-rtVaHs)." .....
Conclusions- two t eS,a he 1985; Report No. 87-1WQ). Elevated data levels from the Mussel

rate
~. (de.~laming, December, Watch Program are as follows: EDL 85=200 ppb ww; EDL 95=283 ppb1988) Ind~cate that MAHs, because ~ ~

ww. Both levels are approximate as a result of conversion from dryand tendency not to accumulate in aquatic organisms, do not                         WQ)~- ~.~r rap~ volatilization                           weight to wet weight by dividing by 7 (CMW 1984-85; Report No. 86-3
pose a threat to human health through ingestion of aquatic     -

¯organisms; they alsodo not seem to be having an adverse impact on
aquatic organisms in the Bay-Delta.

Work done by Risebrough et al. (1978) on the bay mussel Mytilus
edulis indicates that relatively high levels of PCBs are present inPAHs,~on the other hand, have been found in elevated levels in Bay

.
musse-Ts from the South Bay, particularly from Islais Creek south tosediments, and have been detected in biota of the Bay (starry

400 to 1,500 ppb dw (approximately 57 to 214 ppb ww). Elevated
flounder and mussels, M_~_~lus edulis). Unfortunately only Redwood Creek PCB levels in mussels from this area ranged from

routinelyinf°rmati°nanalyzed°n Bay-Deltafor in bi-’~athe StateeXistSMusselbecauSewatchhydr°carb°nSprogram limitedconcentrations of PCBs were also found in mussels off Richmond,
(AHI,304,293). Nonetheless, based on the available are not Albany and Oakland (AHI,304,216). Results of PCB concentrations

highly elevated in Bay-Delta sediments ~ from the Mussel Watch Program for the years 1979 through 1986 alsomoderately to data, PAHs are indicate that the Bay still contains PCBs despite restrictions~’ and organisms
imposed on their usage in. 1976 (AHI,304,216); their presence can

compared to other areas. The human health implications of this

partly be explained by the fact that these compounds, like DDT, are
finding are unclear.

3.13 POLYCHLORINATED BIPHENYLS~ (PCBs) particularly long-lived in the environment. Recently, however, low
concentrations of PCBs in sturgeon, striped bass and flounder have

3.13.1 Public Health been found (SWRCB, SMW Report, 1986 and 1987). It should be noted,
however, and the AHI points out, that while local contamination of

within the Bay-Delta are not thought to be
¯ PCBs is evident in San Francisco Bay, concentrations found inWhile the human health implications of elevated levels of PCBs

~ mussels are considerably lower than those found in certain polluted
elevated levels are of concern; monitoring threatening, these ~ locations elsewhere, including New Bedford Harbor in Buzzards Bay,
additional studies are needed, should be continued and ~ Massachusetts, and Newport Harbor, San Pedro and San Diego Harbors

in California. It is thought that PCBs in the Bay are diluted and
dispersed by the high tidal prism and high sediment mobilityOrganochlorine compounds, or chlorinated hydrocarbons occur in the
(AHI,304, 219-220).waters of San Francisco Bay, and these compounds include pesticides

Concerning finfish of the Bay-Delta, NOAA (1987) has documented
and industrial chemicals such as PCBs. Effects range from toxicity

that PCBs in the livers of starry flounder from Southampton Shoal
to phytoplankton, to food chain biomagnification and diminished

and Hunters Point in San Francisco Bay are highly elevated when
reproductive success in birds (AHI,304,204). In.May !983, a State.

compared to flounders from the Columbia River, Coos Bay and Bodega
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~
.    " .. " that multiple sources are involved

Bay (Southampton Shoal -- 3,734 ppb dw; San Pablo Bay -- 1,191 contaminated, suggesting . i aeneral PCB levels found by.
~AUT ~n4 216~. A sudd~n.lnc~as~ n~__^~ ~a- in 1981 suggestsdw; Hunters Point -- 6,990 ppb dw; vs. Columbia River -- 734
~ ....’~ ’ ~tch Program in the ~an rr~,u,~ ~ ~

dw; Coos Bay-- 555 ppb dw; Bodega.Bay -- 548 ppb dw). Work by the Mussel W . -- " e occurred ~ late 1980 or early
a s ill or .... ~ ~r" a that er~oo L~n~,~u~,.various researchers (Stevens, ~980, Whipple, 1984; Crosby et al

, but none was re~u~ ....
~n.     P ¯

1983; Brown et al., 1987) has indicated that the local striped 198~
release of sume magn~tud ......... o~ 219\.

population exhibits high levels of organochlorines, including PCBs.~                                          ~ le sources of PCBs to the Bay, because

There appear to be mult’p                      "~ molluscs atThese concentrations are not as elevated as in highly contaminatedi:
areas (e.g., Hudson River) but they are elevated compared to areas ~. different mixtures of isomers have been detected in .

¯ different times and locations (AHI,304,218,T29). The effects ofsuch as the Coos Bay or Chesapeake Bay (AHI,304,223-226).
!~ PCBs in fish have been shown to induce hepatic mixed function in

,    "vit , and alter hormonal levels and interfere3.13.2 Aquatic Toxicity to Biota oxidase en~ym~.act)..,iY~o4 220). Levels of PCBs i~ ~i~h~a~_osure
with reproduction L~L .~ ,~y integrations o~ tota~ ~ . ,

Available data from all levels of the Bay-Delta Estuary food chain effects ~n~ced by_~ ~’~’~ions ~f the Bay (AHI,304,220).
" because ?is~ move tnrougn UrU~Usuggest that PCBs are still in the ecosystem despite controls on ~

been shown to have higher levels of PCB

The.st Y.-- ,- ÷~ San Francisco Bay than ~n otheruse, and they may be.exerting a variety of detrimental biological ii
arr flounder has . ¯ "    West Coast

effects (AHI,304,231). -., contaminaz~on ,- ~-~
estuaries. Liver tissues of flounders from the Columbia River

PCBs are significant organochlorines in th~ Bay-Delta Estuary
mouth and Coos Bay have total PCBs well under 1,000 ppb dw, while

because of their ver~ great persistence, widespread use and ~
flounder from Hunter’s Pointand Southhampton Shoal in San

considerable aquatic~toxicity (AHI,304,205). This family of ~ Francisco Bay exceed 3,000 ppb in total PCBs. Striped bass show
similarly elevated tissue PCB levels in the Bay-Delta tributaries

chemicals, which were produced as mixtures of isomers or ~! ¯
ei ht! compared to Coos Bay, Oregon andhomologues, differ from one another in persistence, toxicity and (nearly.~O ~pm ]~p~d~ 590 rim) (AHI,304,223). PCB~ h~_~e~a,,

biological availability (AHI 304,206). The sophisticated detailed
~ ChesapeaKe ~Y £~.u.~ .. ~ ~rth and South San ~ranc~u

.detected in bay shrimp ~n ~-- ....analysis needed to characterize PCB contamination is expensive; in
general, data havenot been developed to show precisely which -;

samples with tissue levels ranging from 100 to 2,500 ppb dry

individual PCBs are of greatest concern at local sites
weight; the highest levels occurred in the North San Francisco Bay

(AHI,304,206).
population (BADA,7,57,58, T1-37) and suggest an unreported
discharge of PCBs in late 1983 or 1984.

ta
PCBs enter the Bay from wastewater, atmospheric deposition and
urban runoff (AHI,304,208). Dredging and dredge sediment disposal

Marine mammals have rarely be~n examined for PCBs in the Bay-Del
Estuary; the data available come from individuals which were found

may mobilize PCBs which are present in sediments (AHI,304,208).
dead and thus may not accuratel~ refle~t2~ distribution of
contaminants in the population (AHI,30 , ). One seal was more

i than others, with PCB levels of 500 ppm of lipid inDuring the 1970s, several streams which entered the San Francisco ~

blubber, 12,000 ppm ~n l~ver ~,u ~,    ~-
Bay contained PCB-contaminated sediments, including San Rafael ~! contaminated ...... ~ ~ 000 ODm in muscle
Creek and the Napa River in the North Bay, and San Francisquito,

~
(AHI,304,228). Other seals contained PCBS at concentrations OTStevens, Los Gatos and Alamitos creeks in the South Bay. The li id weight. Comparable levels of PCBs (100 ppm

~ about 100 ppm ~
¯ s

Guadalupe River in the extreme South San Francisco Bay was
contaminated with polychlorinated napthalenes which are similar in

lipid weight) ar believed to affect reproduction in ringed seal

properties and uses to PCBs (AHI,304,208). The distribution of
in Bothnian Bay, Scandinavia, but no local marine mammal

PCBs in the Francisco Bay sediments appeared patchy, as could be. :.
reproductive information is available (AHI,304,208).

seen in the spatial variability of PCB residues in starry flounder
. ¯ im airments characteristic of(AHI,304 209).

Birdsfrom the San Francisco Bay have been reported to have

’ ex erienced reproductive _ P aka e hatching failure and
Panochlorine t~xi~ty~ ~gg~ll b[~n~gc~sDia~ also occurred.Data from NOAA’s Benthic Surveillance Project (1987) indicate that ~- ~ck mortality ~_~s~a~ ~"~l~~n~~ herodias~ andSan Francisco Bay~is oneof three general areas with significant ~

Reproduct~ve.pr~D~m~^’" s’~ icorax nvct~ax).wer~ al~ .....PCB levels on the west coast. PCB levels in sediments of the
black-cro~neo ~h~ h~ (~p~DDE |eve|s,following Bay locations a~e: San Pablo Bay -- 9 ppb dw; ~
reported (AHI,304,z29,~u;. ~" ......... present in

Southampton shoal -- 12 ppb dw; Oakland --.61 ppb dw; and Hunter’s
Point -- 40 ppb dw. In comparison, the Bodega Bay reference site

to levels in control eggs from Patuxent, Maryland, were

sediment contained only~4 ppb dw (AHI,304,209-213).
the eggs of night herons from Bair Island in the San Francisco-
South Bay. It is suspected that elevated PCB levels were

State Mussel Watch Program results for PCBs indicate that’the responsible for a reduction in the embryonic growth of these birds

entire San Francisco Bay from San Pablo to South Bay is generally ~AHI,304,230).
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3.13.3 Conclusions i ~ 3 14.2 Aquatic Toxicity to Biota

While the human health implications associated with contamination Although DDT usage has been banned since 1970°in California
of the aquatic biota are not thought to be threatening, the (AHI,304,233), its persistence and ability to pass through the food
elevated levels.evidenced in the biota are of concern, chain seem to assure it will continue to be found in susceptible

biota. Current data on DDT in San Francisco Bay sediments showAdditionally, it is suspected that the PCB levels currently found
Is have dropped (1986 maximum of 3.60 ppb dry weight) in

detrimentalin the Bay sedimentSbiologi~alandeffectsbiota maYon thebe exerting aaquatic biota.Variety of~! ~arison to those seen in the mid-1970’s (up to 200 ppb in 1974)
shortly after the chemical was prohibited in agricultural use

Though few data are ’available on PCBs in Bay-Delta waters it is (AHI,304,T30 vs. T31,235-236).
evident from the available data on the sediment and biota that
influent streams and theBay contain generally elevated levels of ~ :~~ Residues in biota have shown similar declines in DDT and
PCBs. Sources of PCB contamination appear to be localized and ~:~.~ metabolites since the ban (AHI,304,242), but the decline has beenmultiple and also include the Central Valley Basin and South Bay slight in recent years; significant sources like the Lauritzen
catchment. There is~little evidence of PCB reduction~since Channel near Richmond remain (AHI,304,244). Because of
restrictions were introduced in 1976.

i!~
contamination from the formerUnited Heckathorn pesticide

3.14 DDT AND OTHER CHLORINATED HYDROCARBON PESTICIDES
i~-~ formulation and packaging plant, the Channel has from 6,800 to

~ 22,470 ppb of DDT andmetabolites in biota, as well as residues of
chlordane and dieldrin (AHI,304,244). Mussels throughout the Bay

3.14.1 .Public Health have DDT metabolite concentrations of about 50 to 90 ppb
(AHI,304,244)- Fish in the Bay-Delta Estuary and its catchment

Although DDT, chlordane and PCBs are no longer legally used, large area continue to show higher DDT and metabolite residues than the
amounts are still evident in some places, and could enter the human same species in uncontaminated areas elsewhere. If residue
food chain. DDT and other chlorinated hydrocarbon pesticides are declines exist, they are not dramatic because individual-to-
found at elevated levels in several parts of San Francisco Bay, in individual variance obscures any slight trend (AHI,304,254).
part due to historic use on crops and structures, as well as Little evidence~ of ~DDT-related toxicity is available for marine
manufacturing and formulating activities (packaging and processing mammals and birds in the Bay-Delta Estuary, although a single
for subsequent sale and use) (AHI,304,244). USFDA action levels harbor seal found dead in Richardson Bay had elevated levels of DDT
for DDT and metabolites have not been exceeded by fish from the and PCBs (AHI,304,255).Central Valley or San Francisco Bay (AHI,304,251). Fish from the
Central Valley exceed the USFDA action level for a number of .Other chlorinated hydrocarbons pesticides continue to be present in
pesticides including: the San Francisco Bay. Chlordane, for example, a chemical more

acutely toxic than DDT, is apparently nearly as abundant as PCBs in
o Chlordane (San Joaquin River at Vernalis) (AHI,304,F78,266); sediments and is found in higher concentration than DDT and its

metabolites (AHI,304,259). Some other organochlorines detected
o endosulfan include chlordane congeners (trans-chlordane, cis-chlordane, and

¯ (San Joaquin River at Vernalis and the Tuolumne
River) ~AHI,304,F80,268); ~ trans-nonachlor) from Islais Creek, and hexachlorobenzene from

o lindane (Sacramento River at Hood) (AHI,304,F81-,269); and
Oakland sediments.

Biota from the Bay-Delta and its catchment show a wider variety of
o toxaphene (San Joahuin River at Vernalis) (AHI,304,F83,271) organochlorine compounds than sediments. Dieldrin, for example, is

(SWRCB,TSM Program). sometimes found in Pacific oysters, asiatic clams and mussels. In
an Joa uin River, samples of clams (Corbicula fluminea) showthe.S     .q .... eh rovrifos.-dieldri~, e~ulfan, andIn the San Francisco Bay proper, PCBs and DDT and its metabolites contamination by chlorda,~, __lo ~     .

are the most significant organochlorine contaminants with potential toxaphene ~AHI,304,261). Compared to other regions, fish from the
public health effects~ while dieldrin, chlordane and toxaphene are Central Valley rivers show elevated levels of chlordane, aldrin,~
also commonly identified at elevated levels. Although DDT, dieldrin, endosulfan, isomers of HCH, hexachlorobenzene and
chlordane and PCBs are nolonger legally used, large amounts are toxaphene (AHI,304,272), despite those chemicals being banned or
still evident in some places, and could enter the human food chain, restricted in California. Fish from the Central Valley exceed
The Lauritzen Canal near Richmond is a source of several of these National Academy of Sciences (NAS) guidelines for protection ofpredatory species, or FDA action levels in many casescontaminants (AHI,304,272).. ~~                (AHI,304,264). For example, chlordane exceeded the NAS guideline

of 100 ppb in fish from the lower American River, the Sacramento
River at Hood, and the San Joaquin River at Twitchell Island, as

..... detected by the State Board’s Toxic Substances Monitoring Program
~ (S~RCB, TSM Program, 1986). Other NAS guidelines exceeded in the
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Central Valley are 100 ppb for endosulfan, which fish exceeded in
the San Joaquin at Vernalis and the Tuolumne River. The NAS electrical equipment fires, and from municipal solid waste
guideline of 100 ppb for toxaphene was exceeded in fish from 15 incinerators. CDFs and CDDs share three characteristics that make
Central Valley streams (SWRCB,1986). Many of these chemicals are them long-lived in the environment: They have very low water
highly toxic to fish, with 96-hour LCSO values below 10 ppb and solubility, high affinity for soil and sediment and are resistant

some below 1 ppb (AHI0304,272). ~. to breakdown (SWRCB,Report No. 88-5WQ,1988).

Pesticide use in t~e Central Valley results in contaminants CDDs and. CDFs are absorbed and concentrated by humans and
reaching the estuary. The Lauritzen Canal in Richmond represents a laboratory animals. The half-life of the most toxic CDD is

continuing source of residual organochlorines pesticides from past estimated to be over five years in humans. Laboratory studies with
manufacturing (AHI,}304,273). Levels near the Canal are not all animals indicate that dioxin causes teratogenic and fetotoxic

seriously toxic; however, persistence and bioaccumulation effects, defects at very low exposure levels. They are also known to be
as well as locally high concentrations, are all cause for concern. ;"~ strong animal carcinogens. EPA has rated dioxin as the most potent

animal carcinogen tested (SWRCB,Report No. 85-5,WQ,1988).
~.14.3 Conclusions

In 1983, the U.S. Food and Drug Administration set a safe level of
Based on the limited available data, it appears that levels of DDT 25 ppt (parts per trillion) in fish for human consumption, as long
and its metabolites~in Bay-Delta organism~ have remained relatively as fish were not consumed more than twice a month (SWRCB, Report,
stable since the late 1970s. The current relatively low levels of No. 85-5 WQ, 1988). The EPA criterion in water for protection of

human health from potential carcinogenic effects of dioxin throughDDT and metaboliteslwithin the Bay-Delta are ~ot causing in estion of contaminated water and Bquatic organisms is 0.013significant adverse~effects on biotaZ~ Though levels throughout the " g ¯ ¯ I -b one in a milliop) risk
Bay-Delta are relatively low when compared to other contaminated ¯ ,’ parts per quadrillion (PPq) at a 0 ( ........
embayments, local a~eas, such as the Lauritzen Canal near Richmond, il level. For bays and estuaries, exposure is limi~ea ~o con~am]na%ea
contain elevated levels and may act as a source of these seafood and the criterion is slightly higher at 0.014 ppq (SWRCB,

contaminants. Other~ sources undoubtedly include soils from the draft FED for Inland Surface Waters and Bays and Estuaries,

hydrologic basin of ~he Bay-Delta. 1/1990).

Organochlorines othel than PCBs and DDT found most commonly within Only two facilities are confirmed dischargers of dioxin compounds

the Bay-Delta includ~ dieldrin, chlordane, and toxaphene. As with to California inland ~aters. These are the Simpson P~per Company

DDT, the Lauritzen Canal actsas a source of these contaminants, Mill on the Sacramento River near Anderson, and the Gaylord

which are believed to have come from the United Heckathorn Company Container Corporation Mill at Antioch on the Delta ¯
Effluent from

plant that manufactured a number of pesticides in the past. Other the Simpson Paper Company has contained 100 to 250 ppq 2,3,7,8

sources include agricultural soils from the Bay-Delta basin. It is TCDD, and at least 330 ppq of TCDD equivalents (TCDD equivalents

believed, however, that except for some local contamination, are the toxic equivalent concentrations of a mixture of chlorinated

organochlorine levels are relatively minor; they are therefore dibenzodioxins and dibenzofurans) (Central Valley Regional Water.

having no significant, adverse effects on the biota in the Bay-Delta Quality Control Board, Order No. 89-057)° Recent measurements

(AHI,304,272-273). (March-September, 1989) ha~e been lower, about 50 ppq TCDD
~ equivalents. Fish and shellfish from ~he S~cramento River near the

3.15 CHLORINATED DIBENZODIOXINS AND DIBENZOFURANS mill contain CDDs and CDFs at levels high enough (38 ppt

I equivalents in rainbow trout) ~hat the Department of Health

During the Water QualityiPhase’s hearings on the PPD, the Department Services issued a health advisory in November 1988, warning against

of Fish and Game recommended that the State Board add chlorinated consumption of fish caught between Keswick Dam and Red Bluff
dibenzodioxin and dibenz6furans to the list of pollutants of greatest (SWRCB,draft FED for Inland Surface Waters and Bay and Estuaries,

biological significance (T,I,84:18-20). The following narrative on 1/1990). The advi~OrYsuchadviSeSas carppe°pleor nOtcatfish,tO eattake~residentfrom.thetrOut,

public health impacts an~ toxicity of these pollutants supports the sucker or bottomfish,
Department’s recommendation. ~..

Sacramento River between Keswick Dam and Red Bluff. In May 1989,
......... squawfish were added to the list of fish not to be eaten. This

3.15.1 Public Health ~ advisory was included in the Department ofFish and Game’s
California Sport Fishing Regulations for 1989 and will be included

Chlorinated dibenzofu~ans (CDFs) and dibenzodioxins (CDDs) include through 1992 (pets. comm.; Al Cordoni, DFG). Since the health

oneof~the most toxic isubstances known: 2,3,7,8 -- advisory, subsequent samples of fish, taken both by the Simpson

~tetrachlorodibenzo-p-d~oxin (2,3,7,SLTCDD), commonly called dioxin, i Paper Company and Regional Water Quality Control Board 5, have
confirmed the presence of. 2,3,7,8,TCDD.



The Gaylord Container Corporation Mill at Antioch on the San The State Board is currently considering adopting a human health
Joaquin River on the Delta discharges wastewater at concentrations objective for 2,3,7,8-TCDD equivalents of 0.013 ppq for inland
of 129 ppq TCDD equivalents. Fish caught near the outfall contain i~ surface waters and 0.014 ppq for bays and estuaries. The rationale
concentrations of 2,i3,7,8-TCDD estimated at 49 ppq. This for this objective is discussed in the January 29, 1990 draft
concentration exceeds the EPA ambientwater quality criterion for ! Functional Equivalent Document for Inland Surface Waters and
protection of human~health by a factor of 3,800 at the 10-~ (one Enclosed Bays and Estuaries of California.
in a million) risk l~evel (SWRCB Staff Report, Candidate Waterbodies~
for the Clean Water Act Section 304(I) Short List). However, Additional recommendations concerning this issue are found in
according to comments received from the Gaylord Container ~ Chapter 4, Section 4.4.1.
Corporation, since the implementation of their chlorine
minimization programi, recent measurements show an average 3.16 TRIHALOMETHANES
concentration of 18 ppq TCDD equivalents (12 ppq of 2,3,7,8 TCDD
and 58 ppq of 2,3,7,8, TCDF) (letter to Leo Winternitz from Gaylord Trihalomethanes (THMs), a subset of chemicals known as disinfection by

Container Corporatio~ dated June 5, 1990). -products (DBPs), are single carbon, halogenated organic compounds
produced when naturally occurring substances in water come in contact~
with chlorine during the process of disinfection (T,VI,38:3-5). TheCDDs and CDFs have also been detected in fish from the Sacramento

.... nificance of THMs in a drinking water supply is reported in twoRiver at Clarksburg,|the San Joaquin River at Stockton, and the si~ --.     ¯ ¯ "    that chloroform and bromoform~ two ofDelta near Antioch (Braft FED, Inland Surface Waters and Bay and nazional surveys which ~n~cate ens ¯
Estuaries 1/1990). ~he sources of contamination are unknown, the THMs, are animal carcinogens and are suspected human carc~nog

~ (T,VI,38:12-16).
3.15.2 Aquatic Toxicity to Biota

The THM precursors present in Delta Waters are a significant water
In addition to toxic effects occurring at very low concentrations treatment issue to users who divert water from the Delta for municipal
(parts per trillion range (ppt)) the effects of CDD and CDFs on purposes. B~cause of the statewide effect of THM precursors in Delta
aquatic life do not ~ppear until 5 to over 100 days after exposure, waters, detailed discussion of THMs and DBPs is being included in the
Amounts as low as 5.6; ppt have been lethal to salmon. Other toxic Water Quality Control Plan for Salinity. That document will also
effectshave been observed as low as 0.1 ppt (SWRCB,Report.No. 88-5 address State Board policy concerning..the control of THMs and other
WQ, March 1988). DBPs.

The results of a chronic study published in January 1988 indicate 3.17 DREDGING SEDIMENTS
that over a 56-day period, levels as low as 38 ppq of CDD had
significant adverse effects on survival and growth on rainbow Pollutants released during dredging and disposal of sediment were
trout. The trout were exposed to 38 ppq of CDD for 28 days, and identified in the hearings and in exhibits as a potentially major
nearly half the trout died after an additional 20 days. CDF levels contributor to pollution of the Sacramento-San ~oaquin Delta, and
as low as 0.9 ppt reduced growth and 4ppt reduced survival particularly of San Francisco Bay.
(SWRCB,Report No. 88-5 WQ, March 1988).

During the Phase I hearings, parties who expressed concern about
3.15.3 Conclusions dredging sediments included Citizens for a Better Environment (CBE),

Bay Institute of San Francisco (BISF), Aquatic Habitat Institute (AHI)
The presence of CDDs and CDFs, in sources of drinking water and in (T,XLVIII,77:7-8;T,XLIV,37:1-13;T,XLIX,205:18-20,210:4-9) and the
the tissues of organisms consumed by the public, are a source of Department of Fish and Game (DFG) (T,XLV,192-194).
serious concern. Thi~ concern is reflected by the health advisory
issued by the Department of Health Services in November 1988, During the Water Quality PhaSe’s hearings on the PPD, parties again
warning against consumption of fish caught between Keswick Damand expressed concern and provided recommendations on the dredging issue.
Red Bluff in the Sacramento River. ~ These parties are the Bay Planning Coalition, DFG, Contra Costa Water

District (CCWD), AHI, and the Save the San Francisco Bay Association
The adverse effects of CDDs and CDFs on the aquatic biota are also (Save SF Bay). Other parties which commented are the U.S. Army Corps
a serious cause of concern. These compounds are long-lived in the of Engineers (U.S. Corps)and EPA.. Serious concerns about the
environment, are absorbed and bioaccumulated by humans and other deposition of dredged sediments on Delta levees have been expressed by
organisms, and are known to be strong animal carcinogens; they also Sacramento and San Joaquin counties, and by the CCWD, subsequent to the
cause teratogenic and fetotoxic defects (Dioxin). In addition, Phase I hearings.
adverse effects of these compounds are found at very low
concentrations, in the part per trillion to part per quadrillion
range.
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Those parties who addressed the effects of dredging and dredge
AHI identified coastal or open ocean disposal of dredged materialsediment disposal during Phase I and the Water Quality Phase
as being worthy of consideration as an alternative to disposal inhearings point out that the dredging process~

, .the Bay (T,XLII 161:14) CBE proposed that the method of dredging
~                       be chosen to minimize dispersal of sediments into the water columnI. Causes turbidity, ~igh oxygen demand and sedimentation which

(T,XLOX,223:2-9). CBE proposed that, in other situations whereharm benthic organisms by acute chemical and mechanical effec.
(T,XLIII,193,rg);. toxic materials in sediments were safely buried under relatively

clean sediment layers, the materials should be left undisturbed
(T,XLIX,223:16-21). CBE also identified as an option land disposal2. Mobilizes and/or makes biologically available POllutants and

~. of sediments as hazardous wastes when contaminant levels are so
benthict°XicantSorganismsWhich were(T,XLIX,223:5_13);former]y bound or buried out of reach of ~. high that it.is inappropriate to return them to an aquatic

i!
environment (T,XLOX,214:6-18). Other options identified included
capping pollutants in areas where they would likely remain3. Occurs in areas such as harbors and channels~where elevated
undisturbed(T,XLIX,213:7-11) and deep. ocean disposal beyond the]evels of toxic materials may exist (T,XLIX,213,12.17~

T,XLII,19210-20); and ~ continental shelf (ToXLIX,213:21-25;214:1-5).

¯ The follewing recommendations were presented during the Water4. Reduces water ~isibility and fish cdtch during the summer

months15.19). (May-Oc~ober)      in    Central San Francisco Bay (T,II,IOOI
-QualitYDFG providedPhaSeseveral°n the PPD:iong and short-term recommendations. The

Dredging thus may harm the Bay’s finfish, shellfish and other long-term recommendationg include designation of a deep water ocean
bottom-dwelling organisms by reintroducing previously unavailable disposalhabitats willsite’ notandbeSelectedaffected(T,I,lOl:7;lO2:l-lo).Upland sites where fish andshort_termWildlifetoxicants into the food chain. Dredging may not only harm fish and

recommendations include the development of specific criteria forwildlife but also recreational uses such as hunting and fishing
assessing the suitability of sediments for in-Bay disposal, and thewhen habitat is degraded by the introduction of dredged materials

development of interim limits for the volume and frequency ofresulting in turbid waters, and when areas are closed or health
disposal of in-Bay sites (T,I,102:.11-26). In addition, DFG~arnings have to be issued by DHS Commerce and navigation uses

which depend on dredging must be ~alanced recommends that new projects, capable of generating large volumes
dredging to other beneficial uses. against the damage by of dredge sediments, should be postponed until alternate disposal

" sites are developed (T,I,103:1-7).

3.17.2 Alternative Recommendations                                                          CCWD has recommended that the State and Regional Boards prohibit

the deposition of dredged material on levees or elsewhere in theTestimony on. dredging addressed the balance between the harm to
Delta until it is scientifically established that there will be noother beneficial uses and the public interest in commerce and
significant increase of pollutants in the waters of the Bay-Deltanavigation.~ DFG recommended that Regional Board 2 reconsider its
Estuary, and that~the stability of the Delta levees will not beposition on dredge sediment disposal activities, in which disposal
compromised (T,II,155:1-6)..of dredge sediment were routinely certified as meeting state water

quality standards. DFG’s recommendation specifically cites the
problems of substantially increased turbidity, smothering of While not negating the need for the ~esignation of an ocean
benthos, and acute toxicity of dis osed disposal site~ the AHI has recommended that the State Board require
17-25;226:14-23) (T I’ q7:~-~ .... .~ ._ sediments (T,XLIII_193: studies be conducted to determine whether there is sufficient cause
that, while taking ’ ’" " ~0~uu.j-10~100:15-19). CBE proposed and effect between dredged material disposal and biological impactseconomic considerations into account, toxic to warrant ocean disposal (T,II,218:12-18). AHI also recommendspollution and sediment effects from dredging
disposal offshore of the Golden Gate (T,XLVIIc°uld be alleviated by that the State Board direct the U.SL Corps to develop a model for
T,XLVIII,100:14.16). CBE also pro osed 1,95:8-19~ predicting the transport and distribution of deposited and
which would be operated P __ the use ?f a dum site suspended sedimentary material in the Bay (T,II,219:14-26;220:!-3).
previously p]acea sedime~sth~ ~que~t deposits cove~ed
- ¯

. _, ~,~r~uy ~en~er!ng the buried material .~ The U.S. Corps testified that designation of an ocean disposal siteunavailable (T,XLVIII,84.1 13). In s~tes w~th very contaminated
prior~to 199~ (as proposed in an earlier draft) is unlikely due tosediments, CBE recommended that comprehensive remedial actions be

.~! federal budgetary constraints, and that a new schedule is beingevaluated before perfo.~rming dredging, and that burial in place with
developed (T,II,313:24-26). EPA expressed a similar comment in aa clay cap be considered (T,XLVIII,I01:11-19). Detoxifying or
letter to the State Board.removing contaminants from the aquatic environment were also

identified as possible ways of dealing with contaminated dredging

similar to those made by ot~er parties. These include evaluating
sites (T,XLViI,I02:I.6). ¯ Some of the recommendations made by the Save SF Bay Association are

upland disposal sites, investigating impacts of dredging-and
limiting bay disposal of dredged m~terials during tl~e recreational
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fishing season~(T,ll,325~7-19). However, they also recommended
that pollution preventionto reduce contamination of dredge
sediments be required, and that the U.S. Corps investigate
alternate methods of reducing dredging needs,such as coordination ~

4.0 POLLUTANT POLICY ACTIONS

o4 past operations (T,~I,325:12-23). ~ 4.1 Introduction

3.17.3 Conclusion The problem assessment described in the preceding chapters resulted in
a list of actions for Regional Board implementation. These actions

Dredging and dredge sediment disposal represeDt substantial point fall into categories which are discussed in the following sections:
sources of pollutants to the Bay-Delta Estuary. The record
indicates there is widespread contamination of Bay sediments by a     ~ 4.2 Water Quality Objectives
variety of toxic contaminants, and that dredging makes formerly

~ isolated contaminants ~vailable. 4.3 Mass Emissions Strategy

I The U.S. Corps of Engiqeers, EPA, the San Francisco Bay Regional" ~-~ 4.4 Site or Pollutant-Specific Actions
Water Quality Control Board and the San Francisco Bay Conservation
and Development Commission all have responsibility for regulation     ~i! 4.2 Water Quality Objectives
of the use of certain ~aters for disposal of dredged material.
Therefore, these agencies have jointly developed a long-term ~ 4.2.1 Introduction
management strategy (L~MS) for dredging and disposal of dredged
materials from San Fradcisco Bay. The objective of the LTMS is to Pollutants, for which information indicates that ambient

~                        develop economically reasonable and environmentally acceptable long concentrations are at levels posing a potential hazard for aquatic
:    range solutions to the !dredging and disposal needs of San Francisco ]ife, may be regulated through adoption of water quality objectives
i~ Bay, Specific recommendations concerning this issue are found in~ and plans to implement those objectives.. For many pollutants of

Chapter 4, Section 4.4.p. concern, water quality objectives do not exist and there is little

i : ~ information on toxicity. For others, either objectives have been
- 1 developed (California Ocean Plan and Regional Water Quality Control

~~ I Plans), or information exists in the form of EPA Ambient Water
Quality Criteria (Clean Water Act Section 304(a); 33 USCA Section
1314(a)).

i
4.2.2 Water Quality Objective Development

Objectives for specific pollutants should be adopted where

unique to the Bay-Delta Estuary but are a problem throughout the
state and that a stateside approach to their control should be
taken The rigorous development of information on wate~ quality
and the full involvement of the public throughout California will
best ensure the reasonable protection of the waters of the Bay-

~̄ Delta Estuary. The State Board has therefore decided to remove
~i: consideration of water quality objectives from the PPD and to
~~; develop objectives to be adopted in statewide plans. Specifically,
~. for the eight pollutants in the draft PPD (November,1988), review

and implementation of objectives will be included in the Statewide
Water Quality Control~Plans for Inland Surface Waters and for
Enclosed Bays and Estuaries of California. Workshops and hearings
on these plans began in the fall of 1989.

4.3 Mass Emissions Strategy

4.3.1 Introduction

Limitations on the mass emissions of toxic persistent pollutants
(e.g., Ibs/day or tons/year) should be established to control



r ,    State and Regional Boards have been

pollutant accumulation in sediments and biota. Such limitations The regulatory p~ams !t t e from a pipe. P~ogra~_~1~dn~
d on oischarg~S wh}ch ~,_,-

e resulted in significant reductions in the discharge oT

should be established as part of a strategy which includes the mo ~u~     . ~ ~,~
effective control measures on point and nonpoint sources of the er itted d~scharges sucn.as~| .... ÷ ~eal of regulatory attention,
pollutant and supplements existing control measures. The mass ~o~mmany years, ha~e r~ce~ve~ a g-=~
emission strategy (MES) includes the following major elements: ~. and.h~v --~..÷~-ts including heavy metals..

I. Identify pollutants and locations of concern. Further reductions from these point sources needs to be balanced
2. Identify sources of pollutants, with water quality conditions that could be reasonably achieved

through the coordinated control of all sources. The water quality
3. Develop and implement a program to regulate mass emissions which~ can be achieved through additional treatment at a sewage

based upon an assessment of reductions in loadings for treatment plant may also be achieved through reductions in storm.     emission strategy proposed here is
e discharge. The mass ......... ÷erbodv aoproach, not.an _principal sources.

~e~ded ~o .~ddress P~!!u~.~"T~i;~ppro~h ~s being emptoy~.as
4. Develop tissue alert levels and sediment quality objectives, individual ~ischar~e app~^~ ~=+=~ ~÷~tenv     tatewi~e water

part of the State Board=’s b,~=- ...... . ...... =~ and S

4.3.2 Discussion        ~                                          =                   Quality Assessment. ~-~ ~o delineate a waterbody or

A number of pollutants identified in prev.ious chapters were The mass emissions strategy is intenaeu
segment of a waterbody and determine the sources of specificdocumented to have accumulated in the tissues of fish and din s from these sources. The .

, llutants and the seasonal l~a. g control measures o~ s~i~shellfish as well as bottom sediments. Concentrations in fish and PP. ¯ _ ¯ ¯ titute additional, netic~a|
shellfish for some df the pollutants identified in previous oDject~v~.~ to ~s.     s the orea~est threat ~o
sections have been measured at levels which warrant concern with toxic po~ants which poe ,~+~hodv and t~e po~en~a~ uu,~-~-
respect to human health. These pollutants andothers also pose The specific pollutant, the ........ updates of the Statewide
potential adverse impacts on the health of aquatic communities, measures are to be identified in future

ualit Assessment. T~ .~.~,...~ ~ ission strategies.Accumulation in sediment represents a potential long-term problem Water.~. ~_ ~..~m~n~ina ~na~v,uu~, ...... em
as well, since sediment may act not only as a sink but also as a priorities Tu~ ,,,~ ........

~ ~ e Assessment will be used to establish

continuous source of pollutants. A strategy for limiting mass emissions is warranted under the. . in the San Francisco Bay and Delta.
Water quality objectives limit pollutant concentrations in the snecific condition~ prese~ and varied sources of .~lutants

~ R~v and Delta nave .mu~p,~ ~ ._~^. -hemistry conditionswatercolumn. The development of these objectives, however, often --~ =~ . ~_~ ~,,A.~n ic ano
only considers protection of aquatic life from the toxic effects of dischargea unu~ .~,~..am
direct exposure through water, and protection of human health from favoring long-term accumulation of pollutants in sediments and

the toxic effects of ~ngesting water or consuming fish. In some organisms.
ssemissions regulatory program is tocases, the concentrations of toxic substances in the sediment and ~ ultimate go~ of a ma ~ eficial uses of the estuary

biota reach levels that are potentially harmful to aquatic life and :~ The ......... ~o nrotect~on of the ben
to human health while concentrations in the water column are below ~ prov~e r~u-~-~ r
detection limits.

~ based upon:Water column, tissue and sediment objectives designed to protect

Certain EPAwater quality criteria consider accumulation of toxics                        o the beneficial uses of the Bay and Delta. Tissue objectives
in aquatic organisms, ~hereby minimizing the threat to human health
due to ingestion of fish. These criteria may be useful in limiting

would be designed to protect aquatic life as well as predator

bioaccumulation. ~ " species such as man. Sediment objectives must be based uponan
understanding of the physical transport and fate of the

Toxic pollutants, including the heavy metals, DDT,= and PCBs, have pollutants.
very low solubilities ~n water, but are persistent in the aquatic
system for a long time~boundto sediments and biota These o An accurate and comprehensive characterization of toxic

substances are not ~eadily transported from the system nor are they pollutant sources, loads, and concentrations in the estuary.

readily broken down since the physical, chemical, and biological
processes affecting them are so slow. Bioaccumulating substances o A knowledge of the technical and economic feasibility of control

must be controlled by a program~which considers the mass loading measures for reducing toxic pollutant loads.

Actions are underway which will begin to address these elements¯rate, the residual in the sediment and the transport of the
pollutant from the waterbody. ¯ . e before we will have comprehensive

It will take ~e ~n~ mon y         At oresent, there are few
scientific an~ ~echn~cal knowledge.    ~ . .    .



specific limits for metals and trace elements in fish tissue. The ~i~ Estimates can be made by examining land use or by measuring
State Department of Health Services has issued health advisories

!
cumulative changes in receiving waters. In some cases, the

for mercury and selenium in Bay-Delta waters for consumption of discharge point of nonpoint sources is discrete and loading can
fish and waterfowl respectively. The problem is that there is a be measured directly. Nonpoint sources such as agricultural
general lack of specific limits for sediment and tissue which drainage and urban runoff, however, vary significantly by
protect aquatic life ~nd human health. Given the absence of season, both in amount and kinds of pollutants, further
adequate limits, it i~ prudent to take measures to prevent impacts complicating estimates of annual loading. There is a need to
by controlling potentially toxic pollutants while considering evaluate, this variability.
social and economic effects. The mass emissions strategy proposed
here is intended to provide a means to initiate actions within The first step in identifying sources will be to quantify
existing limitations Of data and resourceS, loadings from point and nonpoint sources discharging directly

4.3.3 Actions             1                                                                     into the locations of concern. However, the impacts of upstream sources must also be assessed. Fractions of the
loadings from any given source may travel downstream dissolved

4.3.3.1~ Identify Pollutants and Locations of Concern in the water column, or suspended in sediments, or with the
bedload. These fractions vary according to the substance and

Pollutants of primary concern are those which exceed specific to conditions in the receiving waters. Some substances from
limits, standardsior objectives. Present water quality upstream sources may never reach the Bay-Delta. For example,
objectives alone are inadequate to identify pollutants and substances associated with suspended sediments settle out
locations of concdrn where there has been a build up of toxic behind dams. Other substances are transported through the Bay-
pollutants in sediments or tissue. Therefore, the Regional Delta and out to the ocean in dissolved form.
Boards will have ~o evaluate many sources of information to .
determine which areas of the Bay-Delta warrant the highest New areas and techniques for measurement will be needed.
-priorities. Some of these sources are Department of Health Cumulative loadings from point and nonpoint sources could be
Services Maximum~cceptable Residue Levels (MARL), Elevated measured by determining riverine loadings at the boundaries of
Data Levels (e.g., EDL 85), Median International Standards the Bay-Delta. Special analytical techniques will be required
(MIS)0 toxicity te}ts, published scientific information and to monitor water concentrations below the detection limits of
testimony submitte~ by experts in the field of resource traditional technology. Techniques such as passing large
management. Using~ evaluation techniques acceptable to the volumes of water through resin columns are available to
Regional Boardand best professional judgment, Regional Boards ~ concentrate pollutants for low-level detection.
are to review the existing data on toxic pollutants to identify
candidate pollutants for the MES which have potential impacts Each Regional Board must develop a program for identifying the
on the beneficial uses. These pollutants and their locations major sources of loadings of the substances included in the
will be prioritize~ through the State Water Quality Assessment. mass emissions strategy. This list of substances is subject to
The Regional Boards will complete individual mass emissions change as more data become available. Evaluation of the degree

~strategies for the highest priority waterbodies which will ; of impairment and the potential for reducing mass emissions
include the elements outlined ~elow. from identified sources will assist in setting priorities.

4.3.3.2 Identify Sources o~ Pollutants 4.3.3.3 Establish a Program toRegulate Mass Emission

Existing data shouid be used for initial source identifications -~ The goal of the MES is to attain the highest water quality
and mass load estimates. A monitoring program for pollutant reasonable considering the specific conditions affecting each
concentrations in ~issues and sediments will be necessary to .... waterbody. The waterbodies identified through the Water
determine the extent and sources of substances that accumulate. : ..... Quality Assessment process are considered of highest priority
Preliminary indications show that elevated levels of toxics in the Estuary. Each waterbody or segment identified will have
occur in sediment and biota upstream of the Delta in.the San a specific sequence of measures designed to regulate and reduce
Joaquin and Sacramento Rivers and in some of their major the concentrations of toxic pollutants in the water column and
tributaries. ! in sediments and tissue.

The major sources ~f pollutants to the Bay-Delta can be broken The Regional Boards are to develop regulatory strategies for
down into three categories: point sources, nonpoint sources, pollutants of concern. The implementation plan for these
and riverine sources. Point source loadings can be determined strategies shall be included in the basin planning process
from NPDES and moniltoring reports. Nonpoint source loading is described in the Porter-Cologne Act. In adopting these
much more difficult to assess, but has been determined to be a strategies, the Regional Board should consider the following
major source of many of the pollutants of concern. Because factors: the total loads on the waterbodyi the significant
nonpoint sources are a significant pollutant source, it is sources of those loads, including point sources, urban runoff,
important to estimate the loadings from these sources, nonurban runoff, riverine sources and atmospheric sources.
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~urther, for significant sources, the Regional Board shall            ~ o Identificationof the significant sources of the targeted
consider estimated load reductions which can be achieved by ~- pollutants through extensions of present pollutant
alternative control measures and the economic, social and monitoring of POTW treatment plant influent and industrial
environmental consequences of implementing the measures. The sources.
process of selecting a strategy is to involve a balancing of
these and other factors consistent with the Porter-Cologne Act. o Evaluation of alternative measures for reducing the targeted

pollutants.
The mass emissions strategy will implement one of the following
approaches: o Formulation of a comprehensive program which might include

all practical control measures, both structural and
, 1~ A staged program to reduce total loads to the waterbody; nonstructural, to reduce the discharge of the targeted

pollutants.
2. A program, to freeze loads at existing levels; or .ii o Development of a public education/outreach program to
3. A controlled program of increased loads with measures to educate the community about the need to properly dispose of

assure continued protection of beneficial uses. toxic materials.

The approaches described below should include a monitoring o Development of a monitoring and inspection program to
program and reporting schedule to track progress in controlling document compliance with and benefits of source reduction
loads and to track the resulting sediment and biota controls,

~̄ concentra.tions;. Monitoring reports will serve to indicate
whether the ma~or sources are being targeted in an effective For point and nonpoint sources, all practical control measures

- manner, both structural and nonstructural shall be analyzed to select a
.~i. cost-effective measure to attain the greatest control of the

Since nonpoint sources appear to be a very significant source pollutants of concern.
i:~!i of pollutant loading, this program should include BMPs and any

i~ other method o~ control that can be developed for loadings from In somecases it may be necessary to work with other Federal

nonpoint sources. The State Board will assist the Regional and State agencies toward the longer-term objective of reduced

.L~;~ Boards in developing a regulatory framework to monitor and emissions. For example, in order to reduce atmospheric

regulate nonpoint sources, deposition, the most significant source of PAHs, it may be
necessary to work with the State Air Resources Board and other

For point sources such as POTWs and industries, the individual agencies to initiate long-term programs to reduce air emissions

strategies shaTl include a vigorous waste minimization program of PAHs.
which includes source control measures and considers pollution ~.

1 Program to Reduce Loadsprevention audits for pollutants of concern whenever these ~
¯ .

actions are applicable. Implementation of these programs will .... For those waterbodies where reductions in pollutant loadsbe applicable whenever point sources are considered by the .~
Regional Boards to be significant contributors to the mass ~.~ are warranted, the strategy should include a pollutant

loadings of pollutants of concern, reduction program. A ~eduction is warranted when the
Regional Bbard determines that the necessary measures are

Waste minimization is the reduction of the generation, and reasonable and such reduction would result in a greater

subsequent needlfor treatment and disposal of toxic materials. ¯ degree of protection for beneficial uses. A reduction is
The pollution p~evention audit will delineate the mass emission required if the existing uses as defined in federal

of the pollutant of concern and identify the mass loadings from regulations are not being protected, or if higher than

all the major cdntributors to the waste stream. ~Each major- existing water quality is required pursuant to 40 CFR

contributor shall provide an analysis of alternative measures 131.10. Once the major sources have been identified, each

to reduce or eliminate the discharge of the pollutant of Regional Board-should develop and implement a program of
reductions. Total load limits designed to preventconcern. The strategy will incorporate the selected best

measures and track the results in the mass emissions, impairment to beneficial uses through toxic effects or
accumulation in tissue or sediments will be developed.

Waste minimization programs for major contributors of pollutant Total load limits shall be based on an appropriate time

load might include the following elements: period (e.g., daily, monthly, annual) considering pulse
~ loadings from nonpoint sources. The program should

o Identification. of pollutants of concern targeted for initially target the major sources. As more information

reduction based on input from the Regional Boards. Other becomes available, and additional loading sources and

pollutants which may cause violation of water quality objectives for tissue and sediment levels are identified,.

objectives may a~so be included, the reduction program can address a ~ider range of sources.
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2. Program to Freeze Loads ~" otherwise complies with State Board Resolution
¯ 16, "Statement of Policy with Respect to Maintaining

This alternative should be considered if the Regional Board ! High Quality Waters in California". For example~ this

determines that a reduction in loads is unreasonable and ~ finding could be supported by a show of consistency

not required. The freezing of loads is required if it is with the adopted general plan and supporting
necessary to protect existing beneficial uses. This environmental documentation. Such documentationand an should

~ alternative must alsobe given serious consideration when include analysis of alternative actions
analysis

" the Regional Board suspects that the waterbody is at risk ofprojected annual loadings of candidate MES

and there exist unknowns with regard to its allowable pollutants of concern over a twenty-year period. The
analysis should show that all feasible actions will be

loadings. ~"; undertaken to minimize such loadings.~

i Current loading levels may be defined using the average
loading over a representative previous three-year period. Proof of social or economic necessity requires an.

-~ Point sources can be limited through NPDES permits, economic and social impact analysis, At a minimum this

~
Nonpoint sources may be limited by appropriate best analysis mustshow that a significant adverse impact

would result from maintaining existing water qualitymanagement p~actices (BMPS) and in appropriate cases by
~ waste discharge requirements, and that the community will be adversely affected if

" ¯ water quality is not lowered. EPA provides guidance in
¯ Under eitherlof the above programs, increases in load!ng the Water Quality Standards Handbook (Chapter 2) on

from one source may be permitted if there is a reductlon in performing an economic impact analysis .
i~°~ loads from o~her sources that is equal to or greater than

the proposed~iincrease. Of course, where the program b. That "(i)n allowing such degradation or lower water

:~.~ requires a re!duction inloadings, the amount of the quality, the State shall assure water quality adequate

~. reduction fro~other sources which may be credited to the to protect existing uses fully" 40 CFR 131.12(a}(2).

source seekin~ an increased loading must be based upon
!ii reductions over and above any reductions which would be

This may be demonstrated through analysis of available
information on the effects of the pollutants of concern

necessary under the program in the absence of the proposed
tradeoff. Appropriate targets for reduction are, for

on the beneficial uses. This analysis must include the
effects of projected loadings, If the available

example, nonp~int sources such as urban runoff entering the
Bay-Delta. TEedischarger seeking an increase in loading

scientific information is inadequate to assure the site

must demonstrate to the Regional Board the ability to -specific protection of beneficial uses, the Regional

implement a.p~ogram to reduce loads at other sources and
Board shall require that appropriate studies be

must establls~ a monitoring program to ensure that the undertaken by the regulated entities.

reduction takes place.
c. That ongoing protection of beneficial uses will be

3 Controlled Program of Increased Loads
assured through a monitoring program to measure loads

¯ from all sources and to measure the changes in

In some cases ~t may be determined that a program of accumulative levels in sediments and biota. Such

reduction or ~aintenance of levels is not reasonable monitoring programs must have adequate sampling to

because of economic and.social considerations. Under these ~
provide a statistically valid trend analysis. Such

conditions,it~may be warranted to allow increased loadings ~
analysis shall be reviewed at least biennially to assure

of pollutants to accommodate specific future economic or ;~:~ compliance with the individual strategy.

social development. These circumstances may occur under
the following ~wo conditions. The second case for allowing increases in loadings

because of economic and social-considerations is
The first is t~at the water quality is better than that provided for where water quality is not fully supporting

which is necessary to maintain and protect existing
designated uses, but existing uses as defined in 40 CFR

beneficial use~. The Regional Board has discretion to 131.3(e) would be protected [40 CFR 131.10(g)(6)].
(Other bases for removing a designated use are listed in

determine thatdiminution of water quality and additional 40 CFR 131.10(g) ) In this case it would be necessaryloading is war~anted if it receives evidence which permits "
these findings:I to demonstrate that the designated uses are not existing

i [Sections 131.3(e) and 131.I0(h)]. This is demonstrated
through a use attainability analysis [Sections 131.3(g)a. That allowance fo~ lower water quality is necessary to

accommodate: important economic or social development 131.10(j)]. A change in designated beneficial uses

[40 CFR 1311.12(a)(2).], is consistent with maximum
would require a Basin Plan amendment Supported by a

benefit to the people of California and such a change finding that controls to protect such uses would be
~ ’ "...more stringent than those required by section 301(b)
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and 306 of the Clean Water Act, "and...would result
insubstantial and widespread economic and social impact" i~~ During this interim period and before adoption of these
[Section 131.10(g)(6)]. Additionally, before the implementation measures, the Regional Boards will require all
Regional Board removes a designated use which allows dischargers of the pollutant of concern to the identified~
increased.loadings, it must have the evidence described waterbody to develop and implement a program of short-term
in b. and c. above (40 CFR 131.10(h)). measures.which may include waste minimization and best

management practices. Th~ goal of the program would be to
4.3.3.4 Development of Methodology--Tissue Alert Levels, and Sediment minimize the discharge of the pollutant of concern. If, in the

Quality Objectives opinion of the Regional Board, an increase in loading of the
pollutant of concern is considered necessary~ even after

The State Board will consult with DHS to determine what maximum implementation of all practical measures, the discharger must
tissue residue levels are protective of human health and show that these increases will not cause a violation of Basin
preferably what tissue residue levels should trigger State and Plan requirements including water quality objectives and
Regional Board action to prevent levels from reaching maximum protection of beneficial uses.
allowable concentrations for human consumption. DHS will alsobe requested to provide information concerning synergistic’

4.4 Site or Pollutant-Specific Actions
antagonistic or a~ditiveeffects when more than one contaminant "
is accumulated in|an organism. Tissue residue levels 4.4.1 Chlorinated Dibenzodioxins and Dibenzofurans .~/~
protective of aquatic life must also be determined. These
levels will be used to establish priorities for State and The most certain way to eliminate discharge of CDDs and CDFs from
Regional Board regulatory programs, including the mass pulp mills is to reduce or eliminate the use of chlorine in the
emissions strategy, production of finished pulp. This requires substitution of other

bleaching chemicals, such as peroxide, ozone, nitrogen dioxide or
Sediment quality criteria are virtually nonexistent. Several sulfur dioxide. None of these methods¯ are established technologies
approaches are currently under evaluation for the development

i and their development has been limited due to their costs which can
of sediment quali~y objectives. As sediment quality objectives be significantly higher than chlorine bleaching (Draft FED, Inland
are developed the~ will be incorporated into the program. In Surface Waters and Enclosed Bays and Estuaries, January 1990).
the interim, stat!stically-based screening criteria, such as
the apparent effects threshold method could be used in the MES. The State Board is considering the adoption of numerical human

hea~th objectives for 2,3~7,8--TCDD equivalents: these objectives
The apparent effects threshold (AET) method is-a statistically are 0.013 ppq for inland surface waters and 0.014 ppq for bays and
based empirical approach which attempts to establish estuaries The Ocean Plan limit, which have been adopted by the
quantitative relationships between sediment pollutants and State Board, is: 0.0039 ppq--for 2,3,7,8 -- TCDD equivalents.
iological effects. This approach involves the analysis of

Due to the extreme toxicityand persistence of these compounds andpaired chemical and biological data from numerous sites in a
their implications for public health, it is the goal of the Statespecific waterbody. Statistical analysis of the paired data
Board to eliminate the discharge of~these compounds to waters ofallows the ranking of observed effects. The AET method allows

the ranking of rel:ative degradation of aquatic sites, but does the Bay-Delta by the year 2000.
not provide a saf~ level for the protection of aquatic species

.~,~ The State Board, therefore, directs the Regional Boards to developor human health. !It is recommended that AETs be developed for
the San Francisco ~ay and Delta Estuary. The AETs could be

-~. plans of implementation which will achieve the goal of elimination.
used to track the progress of the MES and define areas where ~i!i Further, the Regional Boards shall establish monitoring programs to
detrimental concentrations of pollutants are occurring, track the decreased concentrations of these compounds in fish
Initial development of sediment AETs for the San Francisco Bay ~ tissues that result from implementation of this program.
is underway through a contract managed by the State Board. ~.. ,

4.4.2 Antifouling Compounds
4.3.3.5 Implementation of the Mass Emissions Strategy

~ ~ Tributyltin, a component of anti-fouling paint used on boat hulls,
The Regional Boards will identify the pollutants and ~ is highly toxic (at the low parts per trillion level) to a wide
waterbodies for the development of mass emission strategies. ~ variety of aquatic organisms. Because of its use, it is regulated

as a pesticide, and is therefore subject to the jurisdiction of theThe Regional Board will submit draft workplans to develop these
.~strategies no later than December I, 1990. The workplan shall Department of Food and Agriculture (DFA). The discharge of

include a schedule~for adopting the MES’implementation measures tributyltin is now being regulated by DFA which has restricted its
into the Basin Plan. The workplan shall also be the basis for use to vesselS over 84 feet in length.
a Budget Change Proposal ~o complete any required work during
calendar year 1992. San Francisco Bay, south of the Dumbarton
Bridge, will be il~cluded in these workplans.



the in-Bay disposal sites are currently managed by COE. EachThe accumulation of tributyltin or other anti-fouling chemicals,
such as copper, in harbors and marinas is likely a result of the regulatory program, though mandated by different legislation, has
practice of in-water paint stripping of vessels and discharges from developed a gradual process for making decisions. The process and
drydock facilities. In-water cleaning of vessels may also testing requirements are outlined in guidance documents issued
contribute to pollutant loads. Regional Boards 2 and 5 are either separately or jointly by EPA and COE. Regional Board 2 has
directed to address!the need for regulation of ~these toxic recently helped develop a tiered testing approach which provides
pollutants by the following: information concerning the suitability, as well as the impacts on

i aquatic life, of dredge sediments for unconfined aquatic-(open
- Prohibit the direct discharge of tributyltin which results from :i water) disposal.

in-water stripping operations performed for the purpose of
repainting a vessel-hull or bottom. Sediment chemistry, bioassays and bioaccumulation tests are used to

evaluate the suitability of proposed dredged material for aquatic
- Evaluate the impacts of in-water cleaning of vessels, disposal. Solid phase bioassays assess long-term benthic impacts.,

~ while suspended particulate phase bioassays address water column
- Require NPDES permits for boat and shipyards to regulate the .-ii effects, Protocols exist for the assessment of marine sediment

discharge of tribbtyltin and copper, toxicity, but are generally lacking for freshwater assessments.
1 Interpretation of the sediment bioassay data is a subject of

4.4.3 Dredging Sediments i discussion. The federal regulations.provide guidance in the
o~. i " interpretation of these data for regulation of dredging and
¯ disposal. For suspended particle phase bioassays, the limiting~ Dredging and sedimen~ disposal operations can potentially release

permissible concentration states that, outside a limited mixingcontaminants bound t~ sediment. Sediment-bound contaminants
potentially become bioavailable through physical chemical and zone, the concentration of the material will not exceed 1 percent

of a concentration shown to be toxic to appropriate sensitivei~i.!~ biological processes~ Further evaluation is necessary to assess
!;.~;~ the impacts of dredging and sediment disposal, marine organisms in a bioassay. Analysis of solid phase bioassays
,:~1 i is based on the difference in toxicity between the excavation site
!~: Disposal of dredge sediments in San Francisco Bay is regulated and the reference site. If significant differences are detected
;, under Section 404 of|the Clean Water Act (CWA). This program is (at the 95 percent confidence level), then disposal of the proposed
~,~. administered at the ~ederal level by the U.S. Army Corps of dredged material may be denied or further chronic testing may be

Engineers (COE). The State has water quality certification required.
regulatory authority~through Section 401 of the CWA. The State and
Regional Boards must ~ind that the proposed aqtivity (i.e,, dredge . Actions
sediment disposal) will not violate existing water quality
objectives before a p~oject is certified. TheCalifornia Coastal I. The State Board ~equests EPA to proceed with the designation

of a permanent ocean disposal site. An ocean disposal siteCommission and the Bay Conservation and Development Commission,
should be designated no later than January 1994.under Section 307(c) of the Coastal Zone Management Act, are

responsible for making a determination that =a proposed dredging
In the interim, theU.S. Corps, working with EPA through theactivity is consisten~ with the Act.

~;~
LTMS program (See Chapter 3, Section 3.17), should consider

~ ¯ ¯ the use of interim disposal sites such as the chemicalCurrently, all dredge~sed~ment d~sposal occurs at three COE- !!~ ’
~ munitions disposal sites off the continental shelf.des-ignated in-Bay sit~s within Region 2. Apart from the channel

bar site, an ocean disposal site for sand only from the Golden Gate     ~!~
The State Board requests that the U.S. Corps submit a proposalEntrance Channel, the~e are no designated ocean disposal sites.

There are no open water disposal sites within Region 5. listing potential interim disposal sites and the feasibility~
. .~ of use of those sites for new work projects. The proposal is

Ocean disposal of dredge sediments is regulated under the Marine .
to be submitted to the State Board and San Francisco Bay

Protection and Sanctuaries Research Act (MPSRA). Dredge disposal Regional Board within six months of the date of adoption of
(MPRSA Sect. 103) is ~dministered by COE with final approval by this document.
EPA. Under MPRSA Section 102, EPA has authority to allow spoil

For purposes of this policy, new_work includes anydisposal in anocean siite. EPA has assigned a final target date of
modification that expands the character, scope or sizeof theJanuary 1994 for designation of an ocean disposal site.
existing authorized project. Activities which constitute new
work include excavation below current design depth andThere are differences between the two regulatory programs which
excavation of channels or berths to accommodate largermake ocean disposal more environmentally restrictive than in-Bay
vessels.disposal. In addition~ MPRSA regulations call for monitoring of

the disposal site to assess environmental impacts. There is no
parallel requirement inregulations implementing the CWA. Ocean
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2. The State Board requests that as part of the LTMS process,,
theU.S. Army Corps of Engineers and the San Francisco Bay
Region Board make available to the State Board an assessment
of the impacts of in-Bay disposal of dredge sediments on the~ 5.1 Introductionbeneficial uses of the waters of San Francisco Bay.

In the development of this document, the State Board has concluded.
This assessment shall include at least: (I) identification of that:toxic constituents in dredge sediments from San Francisco
Bay; and (2) a~sessment of the potential bioavailability,

~ bioaccumulatio~ and toxicity of toxic constituents in such o Inadequate monitoring data hamper both problem identification and

.~ dredge sediments. This assessment should also include the ability to respond to specific circumstances;

important ecological considerations, such as the effects of o The quality and quantity of some existing data are poor;increased turbidity on important fish species.

The State Board also requests that, as part of the LTMS
o Lack of coordination of existing monitoring efforts has led to

process, the U.S’. Corps. develop a functional model for inefficient programs and underutilization of data; and

predicting the i~ate and transport of sediment in o Little information is available on the potential detrimental effects
San Francisco Bay. The sediment transport model should be to human health and biological communities as a consequence of
made available to the State Board and the San Francisco Bay elevated pollutant concentrations in sedimentand biota.
Regional Board by July 1993.

~ Parties to theBay-Delta Phase I hearing arrived at essentially the
3. The U.S. Corps,ias part of the LTMS process, shall develop same conclusions as the AHI concluded in their Exhibit No. 304:criteria for assessing the suitability of dredged sediment

~_ for in-Bay disp6sal. "The quality-of the existing database which may be .employed to
i elucidate the abundance of contaminants in the Bay-Delta ecosystem is:~ 4. Region 2 shall ~dopt disposal policy consistent with these poor. Few contaminants have been studied in sufficient detail to~~ and other available criteria and shall consider further adequately characterize their distribution in the Bay-Delta oni~:-

limitations to in-Bay disposal. For implementation of both regional or local scales, and the temporal trends therein. This isthe policy and the limitations, it is assumed that an ocean the.case with respect to toxicant levels in water, sediments and
disposal site w~ll be designated by EPA in a timely fashion, biota of the estuary. Data on the biota rely largely on the analysis

of bivalve molluscs. The transfer of contaminants through Bay-Delta
5. Region 2 shall Continue to consider and communicate with food chains has been ignored to date." (AHI,304,377)

Region 5 on the ~ppropriateness of disposing of dredging
sediments;, a rec~nt~ example is the. consideration, of the BADA and EPA also make the point that the Bay-Delta pollutant database
d~sposal of Oakland Harbor dredging sediments on Delta is poor, and that current monitoring programs do not providelevees. No land disposal of dredged material should be information to assess temporal and spatial trends of water quality in
deposited on levees or elsewhere on land in the Delta until the Bay and Delta. Subsequently, parties to the Bay-Delta hearing have
it is established by the Regional Water Quality Control recommended that the State Board initiate a coordinated regional
Boards that there will be no significant increase in ~ monitoring program for the Bay-Delta to characterize the spatial and
pollutants in th~ waters of the Bay-Delta Estuary resulting temporal trends of pollutants in the water column, sediment and tissues
from that practi~e.

~ .~ of biota.

~6. If the assessments specifie~ above are not produced in a ~ 5.2 Discussiontimely manner, the State Board will consider requesting the
San Francisco Regional Board to use its enforcement .authority 5.2.1 Recommendation for a Monitoring Programto obtain them.

State and Regional Board staff have reviewed the comments and
recommendations concerning~pollutant monitoring made by parties to
the Bay-Delta proceedings. Considering assessments by these
parties, coupled with its experience in dealing with the available
database, the S%ate Board has concluded that a comprehensive
monitoring program is needed. It should include:

o Multiple media, such as water, sediment and organisms;

o Fixed stations;



o Effective coordination with other controlling agencies and the
public; and

Because.many of the aspects of this monitoring program are relatedo Information on the ~patial and temporal, trends of pollutants in
to other State and Regional Board activities, its development willthe Bay-Delta.
have to be coordinated with the Clean Water Strategy, Basin
Planning, Statewide Planning, and the Nonpoint Source Program.The monitoring programto be developed will address the regulatory
Initially, for example, overall monitoring of the Bay will have toneeds of the State Board and Regional Boards 2 and 5; it also will
be coordinated with the Bay Protection and Toxic Cleanup (BPTC)address questions facing the various resource managers representing
Program (Water Code Sections 13390-96; SB 475 Torres). Ongoingother agencies, both federal and state, local government, water
funding for the BPTC Program, however, has yet to be identified.associations and industry. Examples of resource management

questions are shown inlTable 3.~o                                                         In addition to the State and Regional Board activities, development
of this monitoring program will also be coordinated with monitoring

~ Table 3 "
~

activities currently being conducted by other state and federalRESOURCE MANAGEMENT QUESTIONS agencies. Examples include activities currently being conducted by(Adopted from Phiilips and Baumgartner 1987).
DWR and USBR for D-1485, and the Municipal Water Quality

o In which areas of the Ray-Delta are water q~ality Objectives

~

Investigation Program, a combination of two programs formerly
violated, and what are~the principle causes of violations? being called the Delta Health Aspects Monitoring Program and the Delta

Agricultural Drainage Program.
o What are the existing ocations of hot-spots of contamination in

the Bay-Delta? 5.2.2 Cost Sharing

How do alterations in f~eshwater inflow rates and regimes affect
’

Establishment of a long-term comprehensive monitoring program will
the abundance and distrlibution of pollutants in the Bay-Delta? ~i require the commitment of long-term funding. All users of Bay

-Delta waters can be expected to benefit from the information
’ developed; accordingly,.all users should share in the cost of theHow important is nonpoiht runoff as a source of-pollutants to the

Bay-Delta?     ’ program. Therefore, it is the intent of the State Board to
i establish, perhapsby recommending legislation, a procedure whereby

What major temporal cha~ges in the abundance and distribution users of Bay-Delta waters will contribute an equitable and
pollutants have occurre~ and are occurring in the Bay-Delta? of reasonable share towards the total cost of development and

maintenance of this ~monitoring program for as long as it is needed.
Users of Bay-Delta waters include Bay-Delta and tributaryAre there potable water~ of adequate quality in the Bay-Delta?
dischargers of waste (municipal, stormwater, industrial and
agricultural) and upstream and Bay-Delta water divertersIs public health at ris~ from toxicants in fish and shellfish

~ii~ "harvested from the Bay-I~elta?
"~/~. 5.2.3 Program Elements

To what extent have toxic pollutants contributed to the decline of
Elements Of the comprehensive monitoring program are to includefish populations in the Bay-Delta? ~
program design program monitoring and data storage and retrieval

What are the impacts oflsedim.ent-borne pollutants on biological
o Program Designresources of the Bay-Delta? Can sediment-based regulatory criteria

or standards be developed?
One objective of this monitoring program is to provide an
assessment Of the waters, sediments and biota of the Bay-DeltaAre wetland ~abitats ant their associated wildlife at risk from
as a whole. Therefore, the design and implementation of thispollutants in point sourde and non-point source effluents
monitoring program will be conducted in a cooperative frameworkdischarged directly to (~r close to) ~etlands?
with other.responsible and interested parties. Current, ongoing
pollutant and hydrodynamic studies and those that may beThe establishmentof a m6nitoring program oriented to spatial and

~proposed will be considered in the program design; this willtemporal trends will helh provide information specific to the
allow site specific monitoring programs to be integrated in amanagement questions listed here. It will also provide data
regional context.necessary to establish ai~foundation for studies of pollutant

effects specific to the Bay-Delta.
Current studies include the Regional Boards’ effluent and~ ambient toxicity testing programs. Hydrodynamic studies include
those currently being worked on by the U.S. Geological Survey
and the Interagency Program.
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In the design of this program, the programmatic goals and Interagency Program, San Francisco Estuary Project and Aquatic
objectives of the comprehensive monitoring will also need to be Habitat Institute. To accomplish this task, the State and Regional
developed and defined. Recommendations from resource and Boards will establish a scientific advisory and review panel. The
regulatory agencies, dischargers and the public will be ~, panel will assist the State and Regional Boards in reviewing the’

considered (e.g., recommendations of AHI on PAHs program’s goals and objectives, in developing the monitoring
(AHI,207:23-26;208:1-7;AHI,2)). In addition, review of quality program, and in developing quality assurance.
assurance procedures for the collection and analysis of the
samples will be an integral element of the design and will have The second step will be the preparation of a report delineating ~a
to conform to rigorous new EPA guidance on quality assurance and cost-sharing proposal for administration of the program. The
quality control, report will recommend fair-share obligations for users of Bay-Delta

waters.
o Program Monitoring

Time Schedules
The program will incorporate long-term fixedstation regional
monitoring to determine the spatial and temporal trends of The first report is to be made available to the State and Regional
po];lutants of concern within the Ba]-Delta Estuary. The program Boards and the public in final form.twelve (12) months after
will monitor the water column, sediments and biota of the Bay ; adoption of the PPD.
-Delta. It is anticipated that sediment and water column
toxicity studies will also constitute an integral part of the The second report is to follow six (6) months later.
comprehensive program.

5.3 Use of the Monitoring Program
o Data Storage and’Retrieval

The monitoring program, in its most basic form, would be used by the
It is essential that. data developed by this program are readily State and Regional Boards to assess the effectiveness of regulatory
available to researchers, dischargers, regulators and others =water quality activities in protecting beneficial uses in the Bay and
that have an interest. Such accessibility will greatly ~ Delta; it would include current on-going activities and those proposed
c~ntributeto the understanding of regional problems that cannot ~ in this document (e.g., mass emissionsstrategy and site-
be addressed by local individual monitoring programs, specific actions). In addition, theprogram would also provide:
Therefore, data generated will be stored in a system such as
STORET, EPA’s national storage and retrieval system, currently o A trend analysis of pollutant levels and biological effects in the
operated by the State Board in California. Appropriate quality water column, sediments and biota, as well as set priorities for
a~surance control procedures will be applied in the storage of specific locations within the Bay-Delta for implementing the mass
data. emissions strategy and other corrective actions;

5.2.4 Tasks to be Accomplished                                            ;               o Needed data for the development of site-specific water quality
objectives for the Bay-Delta;                         ¯

Development of this monitoring program involves two major tasks.
The first will be to prepare a report_to the State and Regional o Data for studies determining how different water volumes affect the
Boards identifying the important regulatory questions to be abundance and distribution of pollutants in the Bay-Delta; and
answered and recommending a coordinated monitoring strategy which
includes programatic goals and objectives, station locations,, o Data for related cause and effect studies.

frequency of monitoring,: constituents to be monitored and
associated costs; This .report will provide recommendations on
changes to current programs under State and Regional Board
jurisdiction (e.g., Mussel Watch and Toxic Substance Monitoring) .~and to those not under that jurisdiction (e.g., DWR and USBR ~

sampling programs in the B~y.a~d Delta) with the goal of developing ~!~i~
the most cost-effective ana efficient program possible. In ~
developing this report, State and Regional Board staff will have to     ~i~I
work with all interested partiesi including industrial and             .i~!~i
discharger groups, federal and state agencies, such as the
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(To Be Completed’By Le~d Agency)

I. Name of Proponent    State Water Resources Control Board

2~ Address and Phone Number of Proponent Division of Water Rights

P.O. Box 2000, Sacramento, CA 95810

(916) .324-5751

8. Agent/ Requiring Checklist Resources Agency

S. Name of Propo~o~, if a~pI|cab~e Pollutant PolicM Document for the

San Francisco Bay/Sacra~to-San Joaquin Delta Estuary

Environmental Impacts

(Explanations of all "yes" and |’maybe" answers are required on attached sheets.]            j~

I. Earth. Will the proposal result in.-

a. Unstable-earth conditions or in changes J
in geologic substructures?

b. Disruptions, displacements, compaction
or overcovering of the soil? X

c. Change in topography or ground surface
relief features?

d. The destruction, covering or modification
of any unique geologic or physical features?

e. An), increase in wind or water erosion of
soils, either on or off the site? X

f. Changes in deposition or erosion of beach
sands, or changes in siltation, deposition or
erosion which may modify the channel of a
river or stream or the bed of the ocean or
any bay, inlet or lake?



g. Expos~e of people or property to geolo-
gic hazards such as ~=arthquokes, landslides, 4. Pl~t Life. Will the proposal result in=
mudslides, ground to!lure, or simil.~r hazards’~

! ------ ------ a. Change in the diversity of species, or
2. Air. Will the proposal result in: .......... ... .~ number of any species of plants (including.

~ " -trees, shrubs, grass, crops, and aquatic
a. Substantial air emissions or deterioration plants)?

of ambient air quality?
~ ------- b. Reduction of the numbers Qf anY unique,

b. The creation of objectionable odors? rare or endangered species of plants? .._--- ---,-

c. Alteration of air movement, moisture, or c. Introduction of new species of plants into
an area, or in o barrier to the°normaI, temperature, or any ~:hange .in climate,
replenishment of existing species? . = ------ -----

either locally or regi~bnally?. " I
proposal3. Water. Will t’he result in: .... d. Reduction in acreage Of on~f agricultural

crop?                              ,                  ----      ---"---
a. Changes in currents~~-

pr the course of di- L~;~
faction of water: mov~ement~, in either 5. Animal Life. Will the proposal result in=
marine or fresh waters? Z ::~ "

. --------- -----_ .~ - a. Change in the diversity of species, or
~ ¯ ~ ’ numbers of any species of animals (birds,
.~,~i . b. Chc~ges in absorptmn~ rates~ drainage pat- ~

land animals including reptiles, fish and
~!!~i terns, o~ the rate and amount of surface

shellfish, benthic organisms or insects)? ------
runoff? X

~ ’ ’ u~

. c. Alterations to the course or flow of flood b. Reduction of the numbers of any unique,

[i waters? ~ rare or endangered species of animals? ------ ------ --"--
__.__ ...___.     X                                                                                                                                   u’~

d. Change in the amount~ of surface water in c; Introduction of new species of animals into
on area, or result in a barrier to the

any water body?                                                Z                            migration or movement of animals?            ------

e. Discharge into surface waters, or in any
__Z__alteration of surface water quality, in- .~ d. Deterioration to existing fish or wildlife

J

cluding but not limite~ to temperature, .~ habitat? ---" --’--

dissolved oxygen or turbidity?    "
.____ ~" ~. Noise. Will the proposal result in:

f. Alteration of the diredtion or rate of flow
;: a. Increases in existing noise levels?of ground wafers?

Z /
g. Change in the quantit): of ground waters, .~ b. Exposure of people to severe noise levels?

-------

either through direct (idditions or" with-
7. Light and Glare. Will the proposal producedrawals, or "through inlierception of an

new light or glare? " ------ --’---" -----
aquifer by cuts or excl~vations?

h. Substantial reduction i~ the amount of B. Land Use. Will the proposal result in a sub-
stantial alteration of the present or plannedwater otherwise available for public water                                                     land use of an area?                               ------" --"-’-- -’---

supplies?                      :                          . ¯
~ -’---- 9. Natural Resources. Will the proposal result m.i. Exposure of people or property to wafer re-

lated hazards such as flooding or tidal waves?
Z b. Increase in the rate of use of any natural

------    ------ resources? ------    ------    -’----



b. Substantial depletion of any nonrenewable
natura! resource?

I0. Ftisk of Upset. Will the proposal Jnvolve:

a. A risk of an explosion or the release e. Maintenance of public facilities, including
of hazardous substances (including, but not roads?
limited to~ oil~ pesticides~ chemicals or
rediation) in the event of an accident or f. Other governmental services?
upset conditions?

b. Possible interference witch an emergency
response plan or an emelgency evacuatian a. Use of substantial amounts of fuel or energy?
plan?

X b. Substantial increase in demand upon exist-
ing sources of energy~ or require theIi. Populatian. Will the proposai alter the location~ "-
development of new sources of energy?distribution, density, or growl ~ rate of the

humon population of a~ area’
X

for new systems~ or substantia~ o~terat|ons12. Housing. Will the proposal ~ ~fect existing hous-
the following utilities:ing, or create a demand for 3dditianal housing? .

Z
13. Tronsportcrtian/Circulation. till the proposal a. Power or natural gas?

result in:
b. Communications systems?¯

a. Generation of substantia additional                                                                       ¯
vehicular movement?

b. ~ffects o~ existing parkff3g facilities~ or
demand for new parking?’ X e. Storm water dralnoge?

c. Substantial impact upon ixisting transpor-
f. Solid waste and disposal?tation systems?

-----
Z

d. Alterations to present paltterns of circula- 17. Hurn~ Health. Will the proposal result in--
tion or movement of people and/or goods?

X a. Creation of any health hazard or potential
e. Alterations to waterbor ~ rail or air health hazard (excluding~ mental health)?

traffic? i X b. Exposure of people to potential health
f. Increase in traffic hazarc~s to motor

vehicles~ bicyclists or pe~estrians~? X :~, J8. Aesthetics. Will the proposal result in the
’ ~’:~: obstruction of any scenic vLsta or view open toi~. Public Services. Will the proposal have an

the public~ Or will the proposaJ result in theeffect upon~ or result in a n~ed for new or
altered governmental servicesi in any of th~ i~ creation of an aesthetically offensive site open
following areas:

~ I~. Recreation. Will the proposal result in ana. Vire protection?                                                    ~
~i: impoct upon the quality or quantity of existing

-’---- "-’---b. Police protection?

c. Schools? ----’- ~ ~~:~ 20. Cultural F~esources.

- of or the destruction of a prehistoric or
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TRACE ELEHENTS 2 (Page 1)
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TRACE ELEMENTS (3) (page 4b)

ORGANOCNLORINES (page 1 )

POLLUTANT TYPE     I I "~il .................................. ~ .............................................

TR*CE ELEMENTS I ’ - , P.YSlC~L FACTmS .... ~ ................................! -i ~il
I

.......................................................... ............... ’ I ..........................................................." ........................
OItGAWOCNLORINES ~ TISSUE RESIOUE LEVELS IN THE BAY°OELTA ESTUARYPOLLUTANT Site IWa~er ISat|n|ty Conc./Ref ISediment Co~./Ref ISource of Es~. Load ~ --~.

. ....................................................................
- ...................................................... ’ .................."l ....................’ ....................I ....................’iDeIte, FaraI Lof~es IMax Concentrat|o~s Sources: . ~Secl ¯ secH~,mt Po|nt, Urban Runoff, I " POLLUTANT SPECIES OESIGNATION JOURATIOW/LOC~TION
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DeLta (Regi~ 5) ~5-!2 ~ ~ =100 @ dw Fin Fish Suis~ Bay 20 @ ~ IT~ S~ati~ s~.

.1-7.5 ~ Eaton’~ San Jo~in Ver~tis
S~th C~tra~ Say ~0.~-2.0 ~ , ~ San Jo~in; Old R. 21-219 ~ ~ ~T~ Stati~ s~.
L~en S~th Bay 1<1.0-90 ~ SBOA’87: ...............................................................
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POLLUTANT TYPE POLLUTANT TYPE ~

ORGAliOCHLORINES
REGULATORy AGENCY GUIDANCE

~!

ORGANOCHLORINES REGULATORY AGENCY GUIDANCE I ALERT LEVELS

POLLUTANT FDA ACTION LEVEL CALIFORNIA AGENCY IEOL:ELevatedPOLLUTANT
EPA 1986 CRITERIA

.......... ~ .........................................................................................
~ ....................................................................................

ILevet (85X

8ipheny|$ (POE’s)
: .................... I .................... I .................... I .................... ~ ............ CeClr¢inogln ~Ned,~ Month midilnllqXillUi �onti#inltlt I~S=~atio,~[ Ac~a~,I
1":50,100, 200 for

II"hr;"l"=ecute;"f"" ~÷ ¯ tilter + o,rgenil~l
I T=Terlto~en|c "I"=lnltlnt mlxim~l I IRIccemended Guide-IsampLe caLcuLation 196-hr;.d.=2d;.l~our I0 ¯ or~nisam ~Ly I
I IO=Other I ILineI laverage; -m’=ea ~x. IPPt-Perts per I I I II latto~obte Itrllt hx,~

.................................... .......... PCBI POOl (aLL): O 12.0 I=l:m w (FDA {Oceln Pt~r0 W,/,,1400PCBs ~d=0.014 ~ . Id~O.030 I~b I IP~BI (art) IPCIIS (aLt) ToLerance L~veL) IXed-3 ppt EDL 85¯200Im,2.0 P!~ J~mlO.O PI~ I 131,000 7.1 Max-2 ~t EOL ~:19~ ~ d~

T~ (Fish fitte~s)

ToL te~e
FOA Levet=2.O
(2000 ~)

PCBrs

.................................................... l IDDT ~ mt~tites DOT C/T 15.0 ~ aL~ or in I~een PL~................................................... [ EOL 85-2~4DOT a~ ~ta~ites td=O.O010 ~ Id=O’O010 ~ ~+ = 0.02~ ~ IDDT 540,000 I c~i~ti~ l~.~1 ~t . ~22 ~

I I ~
~ ~ T~ (f~sh

,

EDL ~-220
[ I I I FDA LeveL=5000

I I
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Ch{orinated Nydro¢orbon Pesticides & Hydrocari:xms (~ge la)

~ ........................................... I~OLLUT~T, ..................... , T~p~     I ~
~UT*.T T~S~ ~ .................... I ...................................................................................
" ................... ORGAN~HL~NES TISSUE RESIDUE L~ELS [~ THE SAY-DELTA EST~RY

~HL~ I NES
PHYS[~L FACT.S ? ~ ................................................................................. .......................

.............................................. ~ POLLUTANT SPEC;ES OESIGNATION DURATION/L~ATI~ TIS~ RESID. LEVEL ~REFERENCE
~LUTANT S~ ~e . ~ote~ C~/Re~er~eJSat ~n~ ty/C~.

S~t~ts IS~rce .................. ~ ................................................ J ....................
............................. ~..0~ ...... i00 , of Es~. ~=dry ~ JT~-ToxJcPo[ych[or~t~     De{to San Pebto Say

; ] S~rce: PCBs-AHI 3~JPo~n~, Ur~,nBi~ts (POE’s) leith BW, Central " J T27; F69 JN~-un~n R~f ~ JProgr~
JB~y, Tri~t~ries, ~’ I ~T-ANI ]~ T~I; F76JRiverf~ J~set ~atchSuis~ ~arsh ....

I jSpi its,
J JXe~ric t~, ~t, J
~ ~other~ se ~ic~ " " ................... ............................................................ ’ .......................I I le~r{n Shet t fish l I I

....................................... " ............. "’~ ............................. : ..................................... Corbicuta f~ineai~est lsta~ (Oetta) li0 ~ lLi~ e~ at (’87)PCBs lst~is Ck ~ INesn +/-Std. Dev. Uv~n: 0.0~-0.~ ~ Hussars ICentrat Bay J0-61.2 ~ ~ I~ ’87 lOyr s~.
11~+/’81"~7 ~ ~

I I IIChor et at (,~) 0.0~7
~1 I

Oakt=~
~30.12+/’4.~

~t~s: O. 12-0.~

San Psbto Bay
111.43 +/-6.~ ~ ~ To~a[ 0.127- 1.1~? I J

JB~l Bay
J6.o ~ ~ chtordane Shettf~sh San Pabto Bay 4.8-8.~ ~ ~ ~ =87 lOyr s~.

I (Referee s i ~e)
j I ;j Sou~h Cen~ra[ Bay 2.6-31.2

J9.0 ~ ~ Fish s~cies Central Bay 4.7-158 ~ ~ =87 lOyr s~.~Sen - .IlZ-O~ ~ san Joa~in R~ver >300Plb[o Say
161"0 ~ ~ Sa=to R.; Ho~ ;21-I~IS~th~ton Shoat

~ 140"0 ~ ~ S~is~ Bay 11.7 ~ w T~ Stati~ s~.
H~tersOakta~ Point =1 ~’ ~N~(totat(~87)PCB ~ s) San Jo~; Verna t { s

San Jo~in; O[d R. 6.~
~ I .................... I .... ...............................................................................

*’Group A" heptachtor Fish s~cies Sacto R.;
~ ~ ~. a[drin, dietdrin, Suisun Bay          1~.6 ~ w T~ Stati~ s=.PCB’S
i e~rin, chto~dane San Joaq; Vernatis 248-151~ ~ T~ Stati~ s~.
" I t~ane, e~c. San Joaqu{n; OLd R. 6.4

I

................. : ...................................." .................; ....................................................IDOT ~ ~tites IH,C,S Bay
IS~i~nts JUr~n Runoff 6-70ISan Pabto Bay
10-42-0-80 ~ dw INon-ur~n .RunoffIO~kta~
10.87-~.53 ~ ~ IS6 ks I .........................................................................................................{[stais Ck
12.26-].60 ~ dv IRiveri~ 4&2 kg ; dieldrin Shet[f{sh

I IAlc:F Chain et aLI i Crassos~rea gigas San Francisco Bay 10;23 ~ vv H~in (’69)DDT                 I                                                             I(’~)               ITo~aL ~98 k9       ;                                     Corbicuta fL~{nea Detta               <10-28 ~ u~       Li~ e~ at (’87)
IB~l Bay

IN.D. I(AHI,302,T53) : C. ft~inea San Joaquin River 6.7 ~ ~ Li~ e~ at (’67)I (Referee si~e)
~ ~ Shet tf{ sh]S~th~t~ Shoat
{0.3 ~ ~ ~ ~y~{tus catif, San Pabto Bay 1.6-3.6 ~ uw ~ ’~7 10yr s~.~kt~
15"� ~ ~ { ~ussets Cen=rat Bay 2.9-810 ~ ~ ~ ’87 lOyr s~.N~ters Point
12.7 ~ ~ ~ So Cen~rat Bay 1.8-16.8 ~ ~ N~ ’87 lOyr s~.San~abto, Bay. 10.5 ~ du ~ Fin Fish Sacto R; Ho~ =6.~-15 ~ ~ T~ S~ati~ S~.IAfter NOAA (’87)
~ ; San Joaq.; Ver~Lis j5-53 ~.~ T~ S~at{o.n s~.

t
:

~-2.~
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Chlorinated Hydrocarbon Pesticides & Hydrocarbons (pag~ 3a)

~ Chlorir~ted gydrocarbon Pesticides & Hydrocmr~ns (~ge

~ ’ ;~ ~ POLLUTANT TYPE     I

~, I .................... ] ............: ................................; ...... ~ ...............................I .....................~ ~POLLUTANT TYPE " POLLUTANT ’FOA ACTION LEVEL CALIF~N[A AGENCY ~OL=ELevat~ Oa~a

J    HYDR~AREONS .......................... : ....... : ............................... ~oxic effect                             R~CB E~sin Pk~n    JDept He~kth Services NAS:Na~iona[ Acad~

EPA 19~ CRITERIA ........................................ J .................... of Science
~ .................... . ............................... ~ ............................ C=Carc~genic "N~6 ~th N~Jan J~CL-flaxi~ FDA=Fo~ & Drug

~, "POLLUTANT
freshwater ex~sure ~rJne.ex~sure     ~h~n health JbJo. c~. factor ~hakf-tife ~utagen~c uNax"~ity N~xJ~ JC~t~i~nt Level

.................... ~ ........... ~ ........ ~ .................... ~ .................... ~ ............... ~T~Ter~ic "i"~t~t. ~x. J Action Leve~s

J[H]~Herdness, us~ .a-:acu~e;"~"~96-hr ~10"*(-6) r~sk Level J 1 O~Other ~t-~rt~/tritt~

H=50, 100, 200 for .�.~chronic~.h.~l-hr~* ¯ w~ter + organis~ I ................................................................................................................. ~ .............

sable calculation ,,d.:2~-hour~average ~o = org~s~ only ~ ~ e~r~n JO.3 ~ fish, J~e~ Pt~n Jl.0 ~ EDL 95=1~.8

t ....................~ ..........................................................................~ I I~ax-~.O ~t ~ Transplant

~oxa~ene If=2.0 ~ ~f ~ 0.2 ~t~ J+ z 5.0 ~ m3100-90000 20.9 days J ~[~6.0 ~ ~ ED[ E5:2~.3

~ ~d:13 ~ Id:insuffJcienc data J ~ j Res~den~ Bay ~usset

] I ~ EDL 95=95.~

~ la=0.8.500 p~ la=O,S.~60,O~O ~
. I { { Resident Mussels

" ...................I ..........................................................................; .........I .....................
IC=0"039"0"196~ ~ ~C=0"3"1"~58~ ~ - <~’ chtorda~ ,I ~0,3 p~ f{sh ~ean PL~ 3.0 ~ FDA=300 ~

I ~ I ~M~3.0 ~t NAS=IO0 ~b ww

~.~ ~ . ~1 ~ Nax~.O ~t

~, l I=9.0 ~t

~.osutfan ~d=0.056 ~t Id:0.087 ~t ~+ = 76 ~ [e~osutfan . e~osutfan ~::: . ~

~0.22 ~t [m=0.034 ~t~ Io = 159 ~ I at~a 270 at~a 127 days ’ ~

] ~ ~ I sulfate 32~ sulfate 127 ~ays ¯ ................................................................................................................. : ..........

~ ~ ~ ~ ] : "Gr~ A" heptachtorlheptachtor -- 0.3 ~ fish Ocean PLan atdrin 17.0 ~t NAS=IO0 ~

~ I I atdrin, dieldrin, Atdr~n & Dieldrin . EDL 85:4.82 ppb dw
e~rin, chlordane aldr~n C M~=2.0 ~t heptach&or 18.0 ~ EDL 95=9.0 ~ dw I

~ ~ { { , l~ane, etc. Max=4.0 ~t freshwater clams,

;~ Monoar~tic a=5300 ppb a=5100 ~, l(Benzene) 2-25 <2~ hrs
~..-~

EDL 85=2.79 ppb dw

~ Hydrocar~ns {(EPA ’80) c=700 ~ ~ I+ 0.~ ~ ’ EDL 95=5.71

~’~ ~ Io 40 ~ resident bay ~sse~
~ (MAH~s)

[

[ ~ dieldrin dieldrin C JO.3 ~ fish 17.0 ~ EDL 85:102 ppb

Po(yar~tic Insufficienl dala Insufficie~[ dala + 2.80 ~I ~eg Aninracene Variab{e j ~ res~denl ~y

Hydrocar~ns (PAH’s) 0 51.I ~I 1800-9096

Ar~tlcs generally c=620 ~ a=300 ~ in a~i~s ~ EOL 85=1~5

~ a=2300 ~b c=15 ~ ~7-132 midge Larvae J EDL 95=2755

~ freshwater ’clams
N~S=IO0 p~

c=520 ~           a=970 ~

A-2.9
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: ChLorinated Hydrocarbon Pesticides
Chtorinated Hydrocarbon Pesticides & Mydrocerbons (page

I ......... ~ ......................................................................
;...

i ! ORGANOCHLOR~NE~ ~ PHYSICAL FACTORS

!
IALERT LEVELS

POLLUTANT Sites Water Cone/Reference’ Satinity Con~. Sediment ~Source of Est, LoaclHYDROCARBONs I ....................... , ......... ",. .............. .........................................
I FDA ACTION LEVEL    J CALIFORNIA AGENCY lEDL=ELevated Oat Delta, Sen Pebto Bay IPoint, Urban Runoff,POLLUTANT     I ............................... L ........ I .......................................~ "’lLevet (85:; or Central Bay, South INon-urban Runoff,Itoxic effect IRWOCB Basin Ptan    IOept Hearth ServiceslNAS=Nationat

Bay, Tributaries, ~Riverine,Atmosp~ere,
lie=Carcinogenic ~ J .................... I .................... Iof Science ~ Suisun Narsh, etc ISpit ts, Oredge/Dump
IM=Mutagenic

{ t"Ned=6 Nont:h Nedien {MCL=Neximun
IFoA=FoOd & Oru9 IMetric tons, untessi I"Mex"=Dalty Maximum IContaminant ~evet IAdministration Iotheruise indicatedJT=Teraogenic I"i"-Instant. max. I IA..ction Levers ! ..................... ~ ..................................................................................

IO=Other          +            t         ppt=part$/tri t t ion J                   I                            jendrin             Oet t=                      N.I).                                              lUrban ptus

N.I). INon-urban runofft:oxaphene toxephene C/M 5.0 ppm fish IOcean Ptan 5.0 ppb IFOA=5000 ppb .
~i IHed=7.0 ppt INAS:IO0 ppb

i~ JHex=14.O ppt IEDL 85=8~.65 ppb ~

i
I=21.0 ppt IEDL 95=22550

l in freshwater
{EDL 85=1200 ppb          j .............................................................................................................................

i
IEDL 95=3350 ppb

chtordane Tribs N.O. Sediment-to 800 ppb
~ I resi dent bay. :Richmond Narbor

endosu|fan          al.pha ..           ’NA                                                        INAS=IO0 ppb
beta --

IEDL 85 1490 p~b
sutfate -- ;~ JEDL 95=2192 ppb

; fin resident musset:
IEDL 85=2571 ppb .............................................................................................................................
IEDL 95=13976 ppb "Group A" heptachLor DeLta & Tribs,               N.D.                            ISediments-57 ppbI
I in freshwateri aLdrin, dieldrin, Oakland Narbor J

.................... ...... ; I = ~i endrin, chtordane Sediment
Monoarcmat ic C None None IMCL Anticipated
Hydrocarbons

I=O. 7 ppe~ {(MAH’s) i I " ,, - l

~ ..............................................................................................................................
-= " ’dietdrin Bay, OeLta N.D. N.D.Po~.yaromatic C/M/T/O None IReg 2 San Pabto " IDOHS Apptied Action

TribsINydr°carb°ns (PAH’s)I 115 ppb=Nax Levers in ppb
Richmond Harbor{Aromatics generaLLy {Reg 2 upstream for 5 PAHs

115 ppb=Max Naphthatene=18
I F t uorene=19

1 I I Acenaphthyt ene=19 ,
i I Acenaphthene=l ;
; I Phenanthrene= 19

A-2.1I
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Chtorinated Hydrocarbon Pesticides & Nydrocarbons (page 4b)
~ APPENDIX B - GLOSSARY

~ WORD/PHRASE DEFINITION-

POLLUTANT TYPE     I
~- 2, 3, 7, 8-TCDD See Dzoxin.

ORGANOCNLORINES/ I ~ PNYS]~L~ FACTORS 2, 4-D A selective herbicide registered for use on grasses~ wheat,NYo~ocA~o~s i.I ............................ . ....................
................. " .............................................. barley, oats, sorghum, corn, sugar cane, rice and noncrop areas"’’lS’tes IWater C°nc/ReferoncelSa[inity Conc. : Sediment ISource of for postemergent control of weeds such as Canada thzstle,POLLUTANT      I ..................... I ........................................ I ...................

]Detta, San Pab[o Bay "l ............ :~ dandelion~ annual mustard, ragweed, and lambsquarters.
JCentrat Bay, South JPoint, Ur~n
]Bay, Tributaries, JNon-urban
ISuisun Narsh, etc -" iRiverine CHEMICAL NAME: 2-4(Oichlorophenoxy} acetic acid. [Farm Chemical

J Isp~[s, Handbook, 1987]
I IHetric tons,

.................... ........................ -i lotherwisein~i~ Acariczde (Miticide} A material used primarily in the control of plant-feeding mites
,toxa~ene I;;; :"NiO. .N.~. ....................... ~"~::~ (acarids, especially spider mites. Typical acaricides with

~Tr~bs-San Joaqu~n ~

I~

little insect-killingefflciency are chlorobenzilate, Kelthane,
I ~. i.: : and Omite. Some ~nsecticides, especially phosphorous compounds,

are effective also against mites. [Farm Chemicals Handbook,
1987]

Acclimation The physiological and behavioral adjustment of an organism to
changes in environment.

. ...
er~osu[fan ~ a ~ T r ~ ~ ~ ~ 0 ........................ ~ I~ Acre-foot (AF) The quantity of water which will cover an acre of land to a" ’ " N.D.

. "

’~i!~~ii:~

depth of one foot (i.e. 43,560 cubic feet or 325,900 gallons).

Action levels, FDA See Regulatory levels.

Activator A substance that accelerates the effect or increases the total
° effect of a pesticide.~ [Farm Chemicals Handbook, 1987]

Monoarccnatic IB,ay .................................... : .............NOt detected with JBoard report forth- ~ Tested effluentsHydrocarbons ~. Acute Occurring over a short perzod of time; used to describe brief
Limit <O;5ppb coming :: exposures and effects which appear promptly after exposure.(NAH~s) : I below detection

] ~l: [Environmental Glossary 4th ed.]

I Acute toxicity Any poisonous effect produced w~thin a short period of time

I ~ following exposure, usually up to 24-96 hours, resulting in

" ................... I ............ I ~ severe biologlc~.l harm and often death.
IPotyaroe~tic "": .................................................................. , ........ : ...........Central Bay l "I u~ban runoff O.~-S ~ Additive effect The effect of a mixture which ~s .equal to the sum of the effectsHydrocarbons (PAN’s) Istais Ck ’ 112.06 pC~n du est. Dredge/Ounp .:S-:. of its individual components.Aro~natics genera[ty Oaktand i IZ.~ ppm dw est. Atmos~ere O.S’--"BerkeLey i l~.6 p~ndu

San Pabto Bay
]2.6 ~ du To:a: ~.35.’c.2"

Adjuvant An adjuvant is used in a formulation to aid the operation or
Sen P~b~o Bay 10.93 p~m d~ est. improve the effectiveness of the pesticid.e. The term ~ncludes

i
~ such materials as wetting agents, speeders, emulsifiers,
l dispersing agents, foam adjuvants, foam suppressants,

................................... : ................ i.. " I penetrants, and corr~ectives.

A spray adjuvant may contain one or mor~ surfactants, solvent~,
~ solubilizers, bufferzng agents, and stickers needed to formulate
II a specific type adjuvant.

~y using the proper adjuvant it ~s often possible to use certain

A-2. ~2
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WORD/PHRASE DEFINITION APPENDIX B - GLOSSARY

WORD/PHRASE DEFINITIONchemical pesticides in a tank mixture that otherwise would
pr.esent compatibility problems. {Farm Chemical Handbook,                                        Unabridged Dictionary, 2nd Ed. 1983J

Adsorption             Adherence of gas molecules, ions, or molecules in solution              Aromatic                     (I) Fragrant; spicy; strong-scented; odoriferous; having an
the surface of solids. [USGS, Federal Glossary of Selec~ " agreeable odor.Terms: Subsurface-Water Flow and Solute Transport, August.l~

Alert level See Median ~nternational Standard. (2) In chemistry, of or designating any of a series of
benzene ring compounds, many of which have an odor or are
derived from m~terlals having an odor. [Webster’s New UniversalAmbient The prevail~ng condition in the vicinity, usually relatin
Unabridged Dictionary, 2nd ed.., 1979]

some physic~l measurement such as temperature. Sometimes ~
as a synonyi for background. [SWRCB Order No. WQ 85-I]    ~ ~ Arsenic (As) A highly poisonous metallic element. Arsenic and its compounds

’~ are used in insecticides, weed killers and industrial processes.Ambient water That concentration, of a toxic pollutant in a ~avigable wa’
[SWRCB Order No. -WQ 85-i]quality criterion that, basediupon available data, will not result in adverse.i

impact on i~portant aquatic life, or on consumers of such
Arsenic occurs in two environmentally significant valence

aquatic lif~, after exposure of that aquatic life for ~.. states, As +3 or As III (trivalent) and As +5 or As V
time exceeding 96 hours and continuing at least through one ~:~ (pentavalent)," with different toxic properties. The various
reproductive cycle; and will not result in significant risk organic forms of arsenic include: methylated forms,
adverse health effects in a large human population based on

arseno-lipids, arseno-sugars, arseno-betaine, and
available i~formation such as mammalian laboratory toxicity arseno-choline.
data, epide~iological studies of human occupational exposures
or human exposure data, or any other relevant data. [40 CFR] Atrazine A selective herbicide used for season-long weed control in corn,

sorghum, and certain other crops. At highest rates it is usedAntagonism (1) The interaction of two substances, e.g. [chemicals, ~ for non-selective weed.control in noncropped areas.
pesticides,~ drugs, or hormones, acting in the same system
such a way ~hat one partially or completely inhibits the                                          CHEMICAL NAME:
of the other. 2-chloro-4-ethylamino-6-iscpropylamino-S-triazine. [Farm

Chemicals Handbook, 1987]
(2) The interaction of two types of organism existing in ~

close association in such a way that the growth of one is       ~i~ Banks Pumping P1ant.~ The Department of Water Resources’ State Water Project main
inhibited by the other. [Dictionary of Life Sciences, 2nd ed.~ Harvey 0. deltapumping plant located West of Tracy. The source of the
1983] ~ .~

~ water in the California Aquaduct.

Apparent effects A statistically based empirical approach.to establish . .~ Basagran A herbicide for selective postemergence control of manythreshold (AET) quantitativ~ relationships ~etween sediment pollutants and troublesome broadleaf weeds in soybeans, rice, corn, peanuts,method biological effects~ This approach involves the analysis of~ dry beans, dry peas, snap beans for seed, green lima beans, and
paired chemical and biological data from numerous sites in a

mint.
specific waterbody. Statistical analysis of the paired data
allows the ~anking of observed effects. AETs allow the ranking

CHEMICAL.NAME:of relative~degradation of aquatic sites, but do not provide a
3-(l-Methylethyl)-IH-2~l,3-benzothiadiazin-~(3H)-onesafe level ~or the protection of aquatic species or human
~2,2-dioxide. [Farm Chemicals Handbook, 1987]health.

i Basin Plan A plan for the protection of water quality prepared by aAquatic species Organisms, ~lants and animals, that live in water or whose Regional Water Quality Control Board in response to the Porter(organisms) habitat need~ (spawning, nesting, feeding resting) include the Cologne Water Quality Control Act also contains Water Quality
water medium.

.. Standards for the federal Clean Water Act.

Argyria                 A bluish s]kin discoloration: an effect produced by ~he                   Bay-Delta Estuary     San Francisco Bay, the Sacramento-San Joaquin Delta and Suisun
continued use of silver preparations [or consumption of fo~ds

(the Estuary) .Marsh, as defined in Sec. 6610 and 6611 of the Cal. Government
with elevate.~ silver concentrations~. [Webster’s New Univers~l

Code~ Sec. 12220 of the Cal. Water Code, and Sec. 29101 and
29101.5 of the Cal. Public Resources Code, respectively.
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Beneficial uses       WBene~icial usesw of the waters Of the state that may be
~ioavailab~llty       A measure of the relative bioavailability of different elements,

protected against quality degradation include but are not
limited to, domestic, municipal, agricultural and industrial~i potential ions, radicals, molecules, etc. (e.g., the bioavailability

potential of the methylated forms of mercury are higher than
supply; p~w~r generation; recreation; esthetic enjoyment; ~hat for elementa~ mercury).
navigation;~and preservation and enhancement of fish, wildli
and other a~uatic resources or preserves. [CWC Sec. 13050(~

Bioconcentration The positive difference in concentration of a chemical between
water and that in an organism living in that body of water due

Equivalent to ~designated uses~ under_federal law.
i

to direct uptake of the chemical from the water. [SWRCB Order

Bentazon                S~e Basagra~                                                                                                    No. WQ 85-I]

a~semblage~ of plants o~ animals living on the bot~ Biomagnification The net accumulation and increase of a substance in an organism
Benthos The whole

as a result of consuming organisms fro~ lower trophic levels,
of a water~°dY: distinguished from plankton,                                                        e.g., the consumption of algae by fish or water plants by ducks.

[SWRCB Order No. WQ 85-I]
Benzo-a-anthracene A specific~somer of the benzoanthracenes which are polynucl~

aromatic hydrocarbons and are listed by the EPA as a priority~
Biota All living organisms that exist in an a~ea.

pollutant uhder Section 307(a) of the Clean Water Act.

Boron (B) A nonmetallic, chemical element occurring only in combination,
Benzo-a-pyrene A polynucle~r aromatic hydrocarbon which is one of the 126 as with sodium and oxygen in borax, and produced in the form

priority pollutants listed by the EPA under Section 307(a) of either of a brown amorphous powder or very hard, brilliant
the Clean W~ter Act.

~ crystals~ its compounds are used in the preparation of boric
acid, water softeners, soaps, enamels, glass, pottery, etc..

CHEMICAL NAME: 3,~-benzopyrene - [Webster’s New Universal Unabridged Dictionary, 1979]

Benzcpyrene(s) The class of polynuclear aromatic hydrocarbons which contain ...... Boron is an essential element in the nutrition of higher plants,
five joined~benzene rings, yet concentrations of boron in irrigation waters in excess of

0.5 mg/l may be~deleterious for certain crops. [McKee, J.E. and
CHEMICAL FORMULA: C20HI2

Wolf, H.W., 2nd ed., 1963]

Best management A practice,~or combination of practices, that is determined
Bromcform See Trihalomethane.

practices (BMPs) after ...problem assessment, examination of alternative
practices, and appropriate public participation to be the most

d           Cadmium (Cd~           A soft, bluish-white metallic element known to cause cancer ineffective, ~racticable (including technological, economic, an animals. Though not a confirmed human carcinogen. It is also a
institutional considerations) means ~f ~reventing or reducing toxicant for a variety of species. [SWRCB Order No. WQ 85-I]
the amount ~f pollution generated by nonpoint sources to a ~e.ve~
compatible with water ~quality goals. [40 CFR] Cancer Any disorder of cell growth ~hat results in invasion and

Bioaccumulative       A characteristic of a chemical spec±es when the rate of intake                                    destruction of surrounding healthy tissue by the abnormal cells.

into a livi organism ~s greater than the rate of excretion o~ ~
metabolism.~This results in an increase in tissue concentration

Carcinogen Any agent that pr.oduces cancer, e.g. tobacco s~oke, silica and
asbestos particles, certain industrial chemicals, and ~onizing

relative tolthe exposure concentration. ~ radiation (such as X-rays and ultraviolet rays).

Bioassay The employment of living organisms to determine the biological
effects of a substance, factor, or condition. [40 CFR] i

Carquinez Strait The narrow strait between Suisun and San Pablo bays. It has a
¯ ! .~ mean surface area of 12 sq. mi., mean depth of 29 ft., and mean

Bioassessment         ~ssessment ~f the condition of a waterbody using any available    :~                              volume of 223,000 AF.

biological ~ethods. Biosurvey and bioassay are common
bioassessme~t ~methods. [EPA, Report of the National Workshop on

Central Bay Central San Francisco Bay. That port~on of San Francisco Bay
bounded by the Golden Gate, San Francisco-Oakland Bay and

Instream Biological M~nitoring and Criteria, L~ncolnwood, ~L, Richmond-San Rafael bridges. Surface area = i03 sq. mi. at ~LLW,
12/2-4/87] mean depth = 35 ft, and mean volume = 2.307 MAF.
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WORD/PHRASE DEFINITIONChemical oxygen The results of a laboratory chemical analytical technique
demand (COD) is used to measure the amount of oxygen required to OXidi~

Chlorinated A class of pesticides which contain chlorine, carbon# andcompounds in a sample of water, organic and inorganic.
[Environmental Glossary 4th ed.]              " i..!i hydrocarbons hydrogen. See Chlorinated organic insecticides and acaricides.

[Farm Chemical Handbook, 1987]
Chlordane, chlordane A stomach and contact insecticide. The emulsifiable form~

They include solvents (e.g., TCE, TCA), heat exchangers (e.g.,ccngers and related concentrate of chlordane alone or in combination with hept’~

PCBs), contaminants (e.g., TCDD, TCDF), herbicides (e.g.~ ZAP),compounds is used exclusively in the U.S. for subterranean termite c~

and wood preservatives (e.g., Pentachlorphenol).applicatiohs. It has a tolerance of 0.3 ppm on about 50 r~
agrlcul.tural commodities.

i ~ Chlorinated organic The organic-chlorine chemicals form one of three principal
CHEMICAL N~ME: insecticides and pesticide families. This class in the insecticides and
1,2,4,5,6,~,~,~-Octachlor-2,3, 3~,4,7, Ta-hexahydro-4,7-me~ acaricides acarlcides has related pharmacological effects~ and EPA has
one. [Far~ Chemicals Handbook, 1987] :~ limited the total amount of these relatedchemicals for residue

purposes.. Included are the following chemicals and their
Chlordane ~ongers include; Trans-chlordane, Cis-chlordal metabolites:
Trans-nona~hlor. Additional related compounds include;

Aldrin Endrlnoxyolordan~, heptachlor, and heptachlor epoxide.
BHC (benzene hexachloride} Heptachlor

¯ Chlorbenside LindaneChlorinated The unchlorinated forms of these classes of compounds
Chlordane Methoxychlordibenzodioxins two benzene rings joined together by two oxygen atoms, in
Chlorobenzilate Mirex(CDDs) and case the dlbenzodlcxln, or one oxygen atom and a single bond
DDT Ovexdibenzofurans (CDFs) between two adjacent carbons, in .the case of the dibenzo~u

~
Dicofol TDEThe chlorinated dibenzodioxin and dlbenzo~uran molecules ea~.
Dieldrin Tetradifcncan contain from one to eight chlorine atoms. Since these can
Endosulfan Toxaphenearranged i~ a variety of ways, up to 75 CDDs and 135 CDFs are

possible. ~A mixture having both CDDs and CDFs theoretically
[Farm Chemicals Handbook, 1987]could contain 210 individual compounds. The CDDs and CDFs

having four~ five, six, or seven chlorine atoms, four.of which
are in the 2,3,7, and 8 positions, are considered to be Chlorination The application of chlorine to drinking water, sewage, or

. -~ industrial waste to disinfect or oxidize undesirable compounds.significantly toxic to mammals. (Dioxin is

2,3,7,8-tetrachlorodibenzodioxin.)
Chlorine (CI}          A greenish yellow~ poisonous, readily liquefied gaseous element

CDDs and CDFs are not produced intentionally, except as of the halogen group, with a suffocating odor, obtained
principally from common salt, and widely used in industry,reference atandards for chemical analysis. They appear, for

.. medicine, etc. [Funk & Wagnalls Standard College Dictionary,.example, a~ by-products of chemical synthesis, electrical
1973]equipment fires, and municipal incineration of solid wastes.

They are contaminants of chlorophenol wood preservatives.
[SWRCB, Re~ort No. 88-5WQ, 1988] Commonly used to disinfect drinking water and to bleach paper

Chlorinated i
pulp.

dibenzofurans (CDFs) Chloroform See Trihalomethane.

Chlorpyrifos A broadly applicable insecticide available in the following
primary formulations:

(a) Dursban: Used for control of fire ants, turf and
ornamental plant insects, mosquitoes, cockroaches, and other
household insects, stored product insects, termites and lice,
and hornflies on cattle.

(b) Lorsban): Used.on corn as a soil insecticide for
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WO~D/PBR~SE            DEFINITIONcontrol of corn rootworms, Cutworms, billbugs, wireworm, se!

to exceed the maximum contaminant levels, orcorn maggot ~and beetle, lesser cornstalk borer, etc.. Als~
as a foliar insecticide on corn, alfalfa, peanuts, sorghum,~

(2) an increase in the concentration of that substance insugarbeets, and sunflowers, other crops on which Lorsban
used include-fruit, nut and vegetable crops.

~ i~, the ground water where the existing concentration of that
substance exceeds the maximum contaminant levels. [~0 CFR

(c} Stipend: For use in mushrooms at spawning’to 257.3-4]
developing mushrooms from ~nJury by various fly larvae. ~

~ Contamination State definition:
CHEMICAL NAME:

An impairment of the quality of the waters of the state by wasteO’O-DiethylO~(3,5,6-trichloro-2-pyrldyl)-phosphorothloate.
to adegree which creates a hazard to the public health through[Farm Chemicals Handbook, 1987]

~ - ~ .~ poisoning or through the spread of disease...includ~ing]~any
~ equivalent effect resulting from the disposal of waste, whether

Chr~mlum (Cr) A lustrous, hard, steel-gray metallic element which is a kn~

or not waters of the state are affected. [CWC Sec. 13050(k)]human carcinogen. It occurs in two environmentally si
valence stat~s Cr +3 or Cr III (trivalent) and Cr +6 or Cr V~                                     Federal definition:
(hexavalent)~ with different toxic properties. [SWRCB Order

~
The addition to water of any substance or property preventingChronic toxicity The property of a substance or mixture of substances to cause~

considered synonymous with pollution. [USGS, Federal Glossary
adverse effects in an organism upon repeated or continuous the use or reducing the usability of water. Sometimes

exposures over a long period of time (specified as at
the lifetime ~f that organism in regulations promulgat~a~ ~/ August 1989]
EPA).

i
aquatic organisms from algae and plants to fish. [SWRCB Order

Chrysene
A polynuclear~aromatic hydrocarbon which is one of the 126

No. WQ 85-I]priority poll~tants listed by the EPA under Section 307(a) of
the Clean Water Act.

Cubic meter (cu.Coliform organisms All of the aerobic and faculative anaerobic, gram-negative,

Cumulative objective A numerical water quality objective limiting the totalnonspore-forming, rodshaped bacteria that ferment lactose with
concentration of a group of constitutents regardless of thegas formation~with~n 48 hr at 35 degrees C.

[Standard Methods¯ .., 14th ed.~ 1975] characteristics of the individual members of the group, e.g.,

~i
~the water q~allty objective for pesticides in the 1975 Basin

L~rg~ numb~r~ of the~ ~rg~nism~ are found in the intestinal Plan for the Central Valley.
tracts of humans.and warm-blooded animals, their ~resence in

DDA A degradation product of DDT.water is ofte~ used as an indicator of pollution or potentially
pathogenic ba~terlal contamination.

~ CHEMICAL NAME: Bis(chlorophenyl} acetic acid.Congener
A compound wh~ch~is figured as a by product of a chemical

[Farm Chemicals Handbook, 1987]reaction, having different properties from the desired end
product.        ~

DDE A product of degradation of DDT by loss of one molecule ofContaminant Federal definition: hydrochloric acid (dehydrohalogenation). DDE further degrades

i to DDA by loss of two more molecules of (HCI) hydrochloric acid.
Any physical, ~hemical, biological, or radioactive substance or     ~

CHEMICAL NA~E: Dichlorodiphenyldichloroethylene.matter in wateF. [40 CFR 141.2]

Contaminate             [To] introduceia substance that would cause:                             ~                                 [Farm Chemicals Handbook, 1987]

~
DDT The first chlorinated hydrocarboh insecticide It has a(i) the concentration of that substance in the ground water

half-life of 15 "years and can collect in fatty tissues of
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certain animals. EPA banned registration and interstate ~i
DDT for virtually all but emergency uses in the U.S. in 197~

’because of its peralstence In the environment and accumulati"
:~Dteldrln A contact and stomach polson insecticide used for control of

in the food chaln.
;~ soll insects, public health Insects, termltea, and other pests.

NOTE: Except for termite control, use of dieldrin, has beenCHEMICAL NAME: Dichloro diphen-I trlc ....
~oroetnane. The ~rin "~                                  canceled in the U.S.¯ somer present (not less than 70~) is I 11 ..... ~- cI~

, , -~r~nloro-2, 2~(p-chlorophenyl)-ethane. [Farm Chemicals Handbook, 1987~.~ CHEMICAL COMPOSITION: (1R, 4S, 5S,
’ ""~ 8R)-l’2,3,4,10, lO-hexachloro-l, 4,4a, 5,8, Sa-hexahydro-~,4:5,8_dimDabbling duck

A duck whlc~ feeds in shallow water, usually from the surfa~ ethanonaphthalene (principal constituent, known as HEOD), withby "tipping-up., Generally a species in the family Anatidael
not over 15% related compounds. [Farm Chemicals Handbook, 1987]

Dacthai A selective preemergence herbicid~ [which is] effective agai~

substances known. It occurs as a byproduct of chemical
~:~ Dioxin A chlorinated dibenzodioxin (CDD) and one of the most toxic

smooth and h~iry crabgrass, witchgrass, green and yellow

~: synthesis, from electrical fires, from combustion of woodfoxtails, fa~lpanlcum, and other annual grasses. Also usefu.
against certain broadleaf weeds.     Presently approved for u~                                of the 126 priority pollutants listed by the EPA under Section
on turf, ornamentals, strawberrieS, and agronomic crops      "       ~                         preservaties, and from municipal solid waste incinerators. One
including co~ton, soybeans, and field beans. Vegetable c "~

307(a) of the Clean Water Act.
r°p, iiinclude onlo~s, garlic, cole crops, radish, horseradish,

~ii CHEMICAL NAME: 2,3,7,8-tetrachlorodibenzo-p-dioxinpotatoes, ..}tomatoes, eggplant, and peppers.
~ (2,3,7,8-TCDD)

CHEMICAL NAM£: Dimethyl 1 tetrachloroterphthalate.
[FarmChemicals Handbook, 1987] " ~ Dissolved oxygen A measure of the amount of oxygen available for biochemical

~ (DO) activity in a given amount of water. Adequate levels of DO are
needed to support aquatic life~ Low dissolved oxygen

Deflocculat~r
aA suspension,dispersing~agentespeciallyused tOwhenretardthe particlesSettling OftendSOlid’particleSto clump

concentrations can result from inadequate waste treatment.
together and settle out rapidly. Emulsifiers are often [Environmental Glossary 4th ed.]
effective deflocculators. [Farm Chemicals Handbook, 1987]

Diving duck A duck which feeds on bottom organisms while swimming, usuallyDelta The Sacramento-San Joaquin rivers delta as defined in the CWC fully submerged. Generally in the family Aythyidae.
Sec. 12220.

Dredge sediment The material removed from.the bottom of a water body by theDepurate .....
To make or become free o~ impurities;~ purify; cleanse. (spoil) process of dredging which must be disposed of.

Deputation
Purification; cleansing. Dredging The removal of material from the bottom of water bodies using a

scooping or suction machine.Depurative                    (I) Purifying or cleansing.

~ Economic poisons Chemicals used to control pests, disinfect, preserve wood, and
(2) A de~urative agent or substance, other agricultural products; anti-foulant paints, and defoliants

~ for cash crops such as cotton (see pesticide).D1azinon
suchA insecticide(nematicide~as cutworms, wireworms,[Used]and maggots.f°r controlAlsoOfeffectiveSOil insects,

£cosystem A natural unit consisting of living and nonliving parts
against many pests of fruits, vegetables, tobacco, forage, fief4 interacting to produce a stable system. Examples are a lake or
crops, range, pasture, grasslands and ornamentals. It is used a grassland. Four components of an ecosystem can be recognized:

(i) the abiotic (nonliving) components; (2) the producersextensively in controlling cockroaches and many other household
insects; grub and nematodes in turf; seed treatment and fly ~ (autotrophs, mostly green plants); (3) the consumers
control.

(heterotrophs, chiefly animals ~eeding on plants or other
animals); (4) decomposers (heterotrophs, chiefly bacteria, that

CHEMICAL NAME: O,O-Diethyl . bring about decay of dead organic matter) .... [Dictionary of
O-(2-isopropyl-4-methyl-6-pyrimidinyl) phosphorothiote. [Farm Life Sciences, 2nd ed., rev., 1983
Chemicals Handbook, 1987]

~ffluent (I) Solid, liquid, or gaseous wastes that enter the
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environment as a by-product of man-oriented processes.
(2} The discharge or overflow of fluid from ground or -

subsurface storage. ~etotoxic Poisonous to fetuses.

Elevated data level That concentration of a toxic substance in a fish tissue that -.i:i ~io~-weighted
Samples taken in a manner that allows determination of mass

(EDL or ETPL) equals or exceeds a specific percentile (85 or 95 percent) of ~ampling
emissions, i.e., samples taken in proportion to the rate of flow

of a river or stream.
all Toxic Substances Monitoring Program measurements of the
toxic substance in the same tissue type between 1978 and 1985. :i One of the 126 priority pollutants listed by the EPA under
EDLs are based on the relative ranking of each element. When Fluoranthene

Section 307(a) of the Clean Water Act.
exceeded, EDLs can give early warning of elevated toxicant
levels in California waters. EDLs do not assess adverse ~i The process by ~hich contaminant concentrations in a body of
impacts, nor do they provide information on the concentrations Flushing

~ water are diluted by river inflow and, where applicable, tidal
that are detrimental to fish or human health. ~ exchange of "new" uncontsminated water combined with the net

i advection of the contaminants away from their source by residual
Formerly referred to as Elevated Toxic Pollutant Level. currents.

The concept was introduced in 1983 by the SWRCB Staff working on
the Toxic Substances Monitoring Program as an internal

~~
Foam suppressant AentrainedSprayadjuvantair. [FarmUSefUichemicalsf°r suppressingHandbook, both1987]surface foam and

comparative measure.

Emulsifier A surface active substance which stabilizes (reduces the
tendency to separate) a suspension of droplets of one liquid in ~. insulate the surface, and to reduce [the] rate of evaporation.
another liquid which otherwise would not mix with the first.

Some or all applications may be classified by the U.S. EPA as
Restricted Use Pesticides (RUP). [Farm Chemicals Handbook,
1987] Food chain The pyramidal relationship of producers (plants) and consumers

(animals} by which solar energy is converted through
photosynthesis to plant tissue which is consumed by animals

Endosulfan An insecticide (acaricide) [which] controls aphids, bollworms, which are in turn consumed. At each step up the food chain
bugs, whiteflies, leafhoppers, and slugs on deciduous, citrus,
and small fruits, vegetables, forage crops, nut crops, oil
crops, fiber crops, grains, tobacco, coffee, tea, forest, and
ornamentals. Food web

The sum of the interacting food chains in an ecological
community. [SWRCB Order No. W.Q. 85-I]

CHEMICAL NAME:
6~7~8~9~lO~iO-Hex~chloro-l~5~Za~6~9,9a-hexahydro-6,9-methano-2~4

Guidelines, NAS S~e Regulatory levels.

,3-benzodioxathiepin-3-oxide. [Farm Chemicals Handbook, 1987] .~ A waters content of metallic (i.e., positive) polyvalent ions,
~ Hardness

principally calcium and magnesium, that react with sodium soaps
Estuary The mouth of a stream which serves as a mixing zone for fresh to produce solid soaps and that react with negative ions, when

~and ocean water. Mouths of streams which are temporarily the water is evaporated in boilers, to produce solid boiler
separated from the ocean by sandbars are considered as estuaries scale. Hardness is usually expressed as mg/l of equivalent
by the SWRCB. Estuarine waters are generally considered to calcium carbonste (CaC03).

[Camp, T.R. and Meserve, R.L., Water

extend from a bay or the open ocean to a point upstream where And Its Impurities, 1974]
there is no significant mixing of fresh water and seawater.
Estuarine waters are considered to extend seaward if significant

~ealth advisory See .Regulatory levels.
mixing of fresh and seawater occurs in the open coastal waters.
[SWRCB, Water Quality Control Policy for the Enclosed Bays and levels, DHS

Estuaries of California, May 1974] ~ ~eavy metals
Metallic elements l±ke mercury (Hg), chromium (Cr), cadmium
(Cd), arsenic (As), and lead (Pb), with high molecular weights.

In this document Estuary is used when referring to the San i They can damage living things at low concentrations and tend to
Francisco Bay and Sacramento~San Joaquin Delta Estuary.

ii accumulate in the food chain.
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petroleum. Gasoline is a mixture containing several of them;
Hepatic" Exposure of fish ~o environmental contaminants such as diesel fuel is another such mixture.
mixed-function polynuclear aromatic hydrocarbons (PAHs) and chlorinated

The unsaturated hydrocarbons are usually seperated into fouroxidase enzyme hydrocarbons can ~nduce increased activity in enzyme systems
classes: (i) the ethylene series of compounds all contain oneactivity capable of detoxi~ylng the contaminants. Hepatic mixed funct:
double valence bond between two adjacent carbon atoms; (ii} theox~dase activity is measured as an index of the exposure of fis
diolefin series of compounds all contain two double bonds into contaminants w~ich may harm their reproduction or

development, i their molecules; (iii) the polyenes contain more than two. double
bonds, these compounds occur in the wastewaters produced by the
canning industry (the. chlorine demand of wastewaters containingHepatopancreas In zoology, a glandular organ of many invertebrates, usually
polyenes is extremely high); (iv) the acetylene series ofcalled the liver.| [Webster’s New Universal Unabridged

Dictionary, 2nd Ed., 1983] " ~-~. unsaturated hydrocarbons have a triple bond between adjacent
. -carbon atoms, these compounds are found in some industrial

I wastewater (particularly those from the manufacture of some .Herbicides All substances or mixtures of substances used to control or
types of synthetic rubber).destroy undesirable ~lants.

.Hexachlorobenzene     A seed protectant used to control common bunt on wheat. ~ Hydrodynamics The motion and action of water and other liquids, i.e., the
~.~ dynamics of liquids, and the study thereof.

CHEMICAL NAME: Pe~chlorobenzene. [Farm Chemicals Handbook,         ~ ....
1987] i Hydrogen peroxide Pure h~drogen peroxide (H202} is a syrupy, colorless liquid

I
H~xaOalent chromium See Chromium. harsh, astringent taste. Hydrogen peroxide in solution yields
(Cr VI)

i
Homologous In Biology: Anatomical features of different organisms (species}

which correspond in structure and evolutionary origin, as the

flipper of a sealiand the arms of a human being. [American
Heritage Dictionary 2nd ed.] an oxidizing agent it is employed in the manufacture of niacin,

| dyes, drugs, and pharmaceuticals. Dilute solutions of hydrogen

In Chemistry: The~members¯ of a series of organic .compounds peroxide have long been used in the treatment of open wounds.

having the same s~ructure, but in which each differs from the
preceding one by ~ constant increment, as the methane series. -

Impsirment A change in quality of water which makes it less suitsble for
[Funk & Wagnalls ~tandard College Dictionary, 1973] beneficial use. [DWR Bulletin 74-81]

!
~ Inorganic matter- Chemical substances of mineral origin, not containingH~-~t~ to~ic Lo~ti~n~ ~ th~ ~-Delta Estuary where t~xlc chemicals have ~!.- carbon-to-carbon bonding. Generally structured through ionic

reached threatening~ levels in the sediments, shellfish, ducks bonding. [Environmental Glossary 4th ed.]and waters. [CBE~I,I] .. -

~ant rou of orHydrocarbons A large and im or Insecticides All substances or mixtures of substances intended for preventing
P ~     g p ganic compounds that contain

or inhibiting the establishment, reproduction, development, oronly hydrogen and carbon. There are two types, saturated and
unsaturated. Saturated hydrocarbons are those in which adjacent growth of, destroying or repelling any member of the Class

Insecta or other allied Classes in the Phylum Arthropodacarbon atoms are j..oined by a single valence bond and all other
considered to be a pest.valences are satisfied by hydrogen. Unsaturated hydrocarbons

have at least two !carbon atoms that are joined by more than one
valence bond and all remaining valences are satisfied by

~
Isomer A compound having the same chemical formula as another, but a

slightly different molecular arrangement.hydrogen.

Kesterson Natmonal A waterfowl management area adjacent to Kesterson Reservoir inThe saturated hydrocarbons form a whole series of compounds
Wildlife Refuge Merced county California which was originally planned to u~ilizestarting with one ~carbon atom and increasing one carbon atom,
(Kesterson NWR) San Luis Drain water. When first established, Kestersonstepwise. These compounds are also known as the paraffin series,

National Wildlife Refuge (NWR) used a mixture of fresh CVP waterthe methane series, and as the alkanes. The principal source is
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and local tailwater to develop wetland habitat. As the
San Luis Drain water, including an increasing proportion ofi~ energy in plants and animals. Phospholipids and sterols, such
drain waters, was phased in, deformities and reproductive ~:

as cholesterol, are major components of cell membranes. ~ Waxesabnormalities began to affect the birds nesting there. [SW
provide vital waterproofing for body surfaces. Terpenes include

Order No. WQI85-1]
..’i~ vitamins A, E, and K, and phyto! (a component of chlorophyll)

and occur in essential oils, such as menthol and camphor.Kesterson Reservoir A water storage facility adapted as an i~terim evaporation
Steroids include the adrenal hormones, sex hormones and bilefor the Central Valley Project San Luis Drain.

{SWRCB Order. acids.
WQ 85-1]~

. Lipids can combine with proteins to form lipoproteins, e.g..inLC 50 The concentration of a chemical inhaled, drink or absorbed b cell membranes. In bacterial cell walls, lipids may associatethe skin which is expected to cause death in 50 percent of t~Y~!
with polysaccharides to form lipopolysaccharides.

test animals!so exposed.

- Logarithm (Log) The exponent expressing the power to which a fixed number (theLD 50
The dose of ~ chemical taken by mouth or absorbed by the ski~ base) must be raised in order to produce a given ~umber (thewhich is expected.to cause death in 50 percent of the test

¯animals so t~eated. . antilogarithm) The most common logarithms are for the base I0.
~

.~i~
For example, 3 is the base 10 logarithm of 1,000 -- 100 is the
base 10 antilogarithm of 2. See Natural IogarithumLead (Pb}              A soft, malleable, ductile, bluish, white dense metallic

with a variety of toxic salts. [SWRCB Order No. WQ 85~1]~ .... .~..: Lowest effects level The lowest effect levels listed are the lowest acceptable effect

. (LEL) levels for North American aquatic species reported in theLethal endpoint The endpoint~of a test is the death of the test organism, toxicological literature. Acceptability of effect level data is
does not address other adverse effects which may occur short
death. [SWRCB Order No. WQ 85-1]                                  :~!~.                                  with established guidelines for toxicity testing.

Levels of concern, Mercury and selenium levels in excess of those for which DHS
DHS health advisories were previously issued, 0.5 and 2.0 ppm, effect level (LOEL) which an adverse effect was seen on the test organism. [SWRCB

respectively.: [SWRCB, TSM ~rogram: 1986, 1988, p. 25]

Lindane An insecticide with many usesof which seed treatments are
Marine Of or belonging to the sea.prominent (s~il treatment, foliage applications on fruit and nu~

trees, vegetables, ornamentals, timber, and wood protection). Mass emission A program to be developed by theSan Francisco Bay and Central
It possesses~more vapor activity than most of the organochlori~e strategy (MES) ValleyRegional Water Quality Control Boards to regulate mass

Restrictedinsecticides’!use. Some applications have been .classified by EPA as emissions of specified pollutantsto, the Estuary.

Maximum allowable The maximum concentration of a contaminant (in mg/kg on a wet
CHEMICAL NAME: Gamma isomer ofl,2,3,4,5,6-hexaclorocyclohexane, r~sidue level (MARL) welght~ edible portion bases) which-will ensure that a consumer

[Farm Chemicals Handbook, 1987] of the specified fish or wildlife species does not exceed the
permissible intake level (PI) Of the contaminant specified byLipid Any of a diverse group of organic compounds, occurring in livln~ the California Department of Health Services.

organisms, t~at are insoluble in water but soluble in organic
solvents, such as chloroform, benzene, etc. Lipids are broadly Maximum contaminant The maximum per~nissible level of a contaminant in water which is
classified into two categories: complex lipids, which are ~ level (MCL) delivered to the free flowing outlet of the ultimate user of a
esters of long-chain fatty acids and include the glycerides

~ public water system, except in the case of turbidity where the
(which consti!tute the fats an oils of animals and plants),

i~ maximum permissible level is measured at the point of entry to
glycolipids, ~hospholipids, and waxes; and simple lipids, which ~ the distribution system. Contaminants added to the water underdo not contain fatty acids and include the steroids and

circumstances controlled by the user, except those resulting
terpenes.

I from corrosion of piping and plumbmng caused by water quality,
are excluded from this definition. [40 CFR 141.2]

Lipids have ai variety of functions in living organisms. Fats
and oils are a convenient and concentrated means of storing food           Median International Developed mn the Surveillance and Monitoring Program of the

Standard (MIS)         SWRCB, the Median International Standard (MIS) for trace
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elements is the median value of worldwide health protect~ decay, such as in population growth of bacteria or the decay of
criteria surveyed by the Food and Agriculture Organizatio~ uranium. [The Prentice-Hall Encyclopedia of Mathematics, 1982]
of the United Nations. (The survey results were published.
FAO in the 1983 report entitled ~compilation of Legal Lim Nematicides All substances or mixtures of substances Used to control or
Hazardous Substances in Fish and Fishery Products".) The~ destroy nematodes.
criteria are not standardized by tissue analysis or by the

¯of protection required by each nation; however, quantitati~ ~ickel (Ni) ~A hard, ductile, ma!lable, silver-white metallic element of the
comparisons can be made. The MIS gives an indication of iron-cobalt group.
other natiohs consider to be elevated contaminationlevels
can only bemused to provide general guidelines on other nat~ Nitrogen dioxide A poisonous reddish-brown gas with the formula NO2 (a.k.a.
findings. ~IS apply to "flesh weight, edible portions"    ~] nitrogen~peroxide). When cooled, the gas changes to a light
f ~ ofreshwater fish and marine shellfish in parts per million yellow liquid, nitrogen tetroxide (N204), and becomes a
wet weight ww), unless specifically noted otherwise, crystalline solid without color at - 15.3 degrees F.

In this report the term "Alert Level" is synonymous to Med~ It is used ~to bleach paper pulp.
Internation~l Standard

No observed effect The highest concentration of a toxicant in a bioassay test for
Mercury (Hg} A silvery metal, liquid at ordinary temperatures, which is level (NOEL} which no adverse effect was found on the test organism. [SWRCB

toxic itself or in most compounds. [SWRCB Order No. WQ 85- Order No. WQ 85-1]

Molinate A selectiveherbicide which is particularly effective for
contro~ of Watergrass in rice. ¯

(NSRLs) ~of fish of 6.5 grams per day.
CHEMICAL NAME: S-Eth~yl hexahydro-~ H-azepine-l-carbothioate.
[Farm Chemicals Handbook, 1987] Non-point source Causes of water pollution that are not associated with point

Monocyclic aromatic Th~ class of aromatic hydrocarbons which contain a single from construction. Examples include (i) Agriculturally related
hydrocarbons¯ (MAHs) benzene ring (C6H6). non-point sources of pollution including runoff from manure

disposal areas, and from land used for livestock and crop
Mutagenic              An agent that causes an increase in the number of mutants (see

mutation) in .a population. Mutagens operate either by causing pollution; (iii) Mine-related sources of pollution including
changes in the DNA of the genes, so interfering with the coding new, current and abandoned surfsce and underground mine runoff;
system, or by causing chromosome damage. (iv) Construction activity related sources of pollution; (v)

Sources of pollution from disposal on land, in wells or in
Nationsl Pollutant The naticnal~program for i~suing~ modifying, revoking and subsurface excavations that affect ground and surface water
D~scharge reissuing~ terminating~ monitoring and enforcing permits, and quslity; (vi) Salt water intrusion into rivers, lakes, estuarie~
Elimination System imposing and enforcing pretreatment requirements, under sections and ground water resulting from reduction of fresh water flow
~(NPDES) 307, 318, 402, and 405 of the Clean Water Act. The term includes from any cause, including irrigation, obstruction, ground water

extraction, and diversion; and (vii) Sources of pollutionappoved stat~ programs. [40 CFR]                                           ~                                   related to hydrologic modifications, including those caused by

Natural iogarithum    iogsrithms to the base e. The number e is an irrational number ~I changes in the movement, flow, or circulation of any navigable
that can only be approximated: ~ waters or ground waters due to construction and operation of

~ ~ dams, levees, channels, or flow diversion facilities. [40 CFR]

~ e = 2.7182~18284 ....
! ~ Nutrients Any substance which nourishes; anything nutritious. [Webster’s

The value of~e can be approximated by substituting large numbers
for n in thelformul~

Co~on macro-nutrients: C, H, 0, P, K, N,~ S, Ca, Fe, Na, and Mg.
e = (i + i/n) ** n

Common micro-nutrients: B, Co, Cu, ~n, Mo, Se, and Zn.
This formula shows up in problems¯ dealing with natural ~rowth
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O’Neill FOrebay ¯ .o~ WORD/PHRASE DEFINITION
The forebay of the San Luis Reservoir near Los Banos, ....
California. It is located at mile post 66 74 on t        ~
Edmund G. Brown California A~uedu ..... "         he Gove~ ~~         Ozone                   An unstable allotropic form of oxygen, 03, with a pungent odor

electricity through the air.~ It is a powerful o~idizing agent,Octanol/water
This is a number whlchwhenrefleCtScomparedthetore±atiVewater0 SubstancesS°lubilit~ °fa~

disinfecting drinking water. [Funk & Wagnalls Standard College

partition
chemical in octanol

With~ ~~

much more active than ordinary oxygen, and is used for bleaching

coefficient
high coefficient tend to be absorb

~ oils, waxes, ivory, flour, [paper bulp] and starch, and fo~

~issues, are readilv ~ ........ ed and stored in l~n~a ~’~                                   Dictionary, 1973]
zor bloacc~m,;o+~_~ ~=v~llaole and/or hs~ = ~_~-~-~c~~n POtenti~          Pelagic                Describes open-water (or deep-water) habitat or those organisms

¯
¯ which depend upon it.

Oil and grease        In the determlnstion of oil and grease, an absolute

a speciflc~substance is hot m~as~red. Rather, groups of
quantlt~’o~ Pentavalent Arsenic See Arsenic.substances iwith similar physical characteristics are determi~e~

(As V) ¯quantitatlv~ely on the basis of their common solubility in freOn.

Peroxide See Hydrogen peroxide.
Oil and Grease may therefore be said to include hydrocarbons o

thatthat i~ extracted by the solvent from an acidified sample and~ ~.~ ¯

fatty acids, soaps, fats, waxes, oils, and any other materia

Pesticide All chemical agents which are used for the control of someis not volatilized during the manlp~lations of the test.

as well as substances which occur in nature, can be categorized
noxious insect, plant, or animal. Pesticide compounds, syntheticIt is important that this limitation be clearly understood.~                                         into four groups as follows:

Unlike some c°nstituents--which represent distinct chemical
elements, ions, compounds, or groups of compounds--oils and
greases are defined by the method Used for their determination.
[Standard Methods...,~14th ~d., 1975]                                                                        and chlorine. Examples are DDT, toxaphene, lindane, chlordane,

Organic                                                                                                                           and endrin.
Referring toot derived from living organisms. In chemistry,

(2) Organic phosphorus (thiophosphate) compounds ofany compound~contalning carbon.
[Environmental Glossary 4th

and malathion.
ed.] phosphorus, oxygen, carbon, and hydrogen. Examples are ~arathion

(3) Organic compounds including organic sulfur compounds,
Organism

Any living thing.! [Environmental Glossary 4th ed.] organic mercurials, dinitrophenols, carbamates, and natural
. ~ products such as rotenone, nicotine, and strychnine.

Organo-tln compounds Organic compdunds containing tin which are formulated to act as

(4) Inorganic compounds of copper sulfate, arsenate ofanti-fouling agents in paints Used on the hulls of boats and

~ floroacetate. [ASCE SA 5, p. 28, October, 1967]
~            ships. ’I lead, zinc, chlorine, thallium, calcium arsenate, and sodium

Organochlorines
A range of compounds Used mainly "

as pesticides, and the
I Phenanthrene A polynuclear aromatic hydrocarbon composed of three joined

polychlorinat~d blphenyls (PCBs), which are of industrial           ~                                  benzene rings.
origin. These compounds share a range of properties which set
them apart from other types of pollutants. They are generally of                                      CHEMICAL F~RMULA:    CI4HIO

relatlvely low water solubility, also know~n as chlorinated
hydrocarbons. [AHI, 304]

Phyla Plural of phylum.
Oxidation state

acids of The degree the toh~.alogens.Whlch an element is oxidized. "This may involve       ~ Phylum A unit used in the classification of animals. A phylum consists

the increase ~n oxygen content In such of casesa compound, such as the oxygen

!~ of a number of classes, or occasionally of only one class, w~ththere is no evidence of a     ~                                  certain important characteristics in common, implying that alltransfer of el~ctrons; in fact the bonds between the oxygen and

i members are descended from a common ancestor. For example the
the halogens are coordinate covalent. In other cases, however,

I phylum Protozoa consists of unicellular organisms; the phylum
where a transfer of electrons occurs, a change in electroval~nce
is produced. [Basic College Chemistry, 2rid ed., 1956]                ~                                  Arthropoda contains invertebrates with exoskeletons and jointed

appendages. Large phyla are divided into subphyla; for example
the phylum Chordata is divided into the subphyla
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Urochordata~Cephalochordata, and Vertebrata. Subphyla are
divided into classes. The correspondingunit in plant 1,2-benzanthracene; 3,4~benzofluoranthene; benzo[k~fluoranthene;
classification is the division (although the phylum is USed 1,12-benzoperylene;benzo[a]pyrene; chrysene;
some plant classification schemes)~ [Dictionary of Life ::~’~ dibenzo[ah]anthracene; fluorene; indeno[l,2~3-cd]pyrene;
Science, 2nd ed., 1983]

-~’~!!i~
phenanthrene; and pyrene.

Phytopiankton Free-floating aquatic plants. ’~i’:~i: Pyrene A poly@uclear aromatic hydrocarbon composed of ~our joined
.... benzene r~ngs.Point source Any discernible, confined and discrete conveyance, including::~dt

not limited to any pipe, ditch, channel, tunnel, conduit, we!~i~~
CHEMICAL FORMULA: CI6HIO

discrete fissure, container, ~olling stock, concentrated
feeding operation, or vessel or other floating craft, f~om whi~h’~ Quality of water The chemical, physical, biological, bacteriological,
pollutants ar!e or may be discharged. This term does not inclu~.... radiologlcal, and other properties and characteristics of water
agricultural stormwater discharge~ and return flows from ~’..~.~ .which affect its. use. [CWC Sec. 13050(h)]
irrigated agriculture. [CWA, Sec. 502 (14;~¯ ¯

" "~"’~ Regulatory levels NAS guidelines and FDA actionlevels:Pollutant something that pollutesi especially~ a harmful c~emical or waste.
material discharged into the water or atmosphere. [Webster’s -~:~. The National Academy of Sciences (NAS) in 1973 established
New Universal Unabridged Dictionary, 2nd ed., 1983] <- recommended maximum concentrations of toxicants in tissues. The

. NAS guidelines apply to contaminant concentrations in the whole
Pollutant loading The mass emission rate of a pollutant generally expressed in fish in parts per million (ppm). These recommendations were

pounds or kilograms per day. established not only to protect the organism containing the
toxic compounds, but also to protect the species that consume

of the quality of the waters of the state by waste these contaminated organisms. The U.S. Food and DrugPollution
~nto aalterati°ndegree which unreasonably affects (I) such waters for Administration (FDA) established maximum concentration levels
beneficial uses, or (2) facllities which serve such beneficial for some toxic substances for human foods in 1985. The FDA
uses. ~Pollution" may include "contaminationS. [CWC Sec. action levels are for edible portions and are measured in ppm by
13050(I)~ wet weight (ww).

The introduction into the groundwater of the state of an active DHS health advisory levels:
ingredient, other specific product, or degradation product of an
active ingredient of an economic poison above a level, with an The DHS is responsible for issuing health advisory levels,
adequate margin of safety, that does not cause adverse health ’~ Rarticularly in cases where FDA action levels are not avail~ble
effects. [CFAC Sec. 13142~ ~ for chemicals in food, for the protection of human health. DHS

~ health advisory levels are for the edible port,on and arePolychlorinated A mlxtur~ of compounds composed of the blphenyl molecule which ~ measured in ppm ww. The interpretation of data available in thebiphenyls (PCBs} has been chlorinated to varying degrees. [Environmental i Toxic Substances Monitoring Program, 1985 (TSM Program, 1985)
Glossary, 4th ed.]

i uses DHS sources where human health is concerned.

PCBs are consi’dered an environmental problem because of their ~ Reverse flow In the context of this report,-the ~erm reverse flow refers to
abundance, very great persistence, and considerable toxicity to : net flow being in the upstream direction in the Southern and
aquatic biota. [AHI, 304] Western Delta. This condition occurs between approximately the

western end of Sherman Island (in the Delta) and the exportPolychlorinated Polynuclear aromatic hydrocarbons composed of two fused benzene i pumps when Delta inflow is relatively, low and Delta consumptivenapthalenes rings (CIOHS) and one to eight chlorine atoms, i uses and exports are high.

Polynuclear aromatic The class of c~mpounds containing two or more fused benzene
i Riverine Pertaining to or like a river; riparian. [Funk & Wagnallshydrocarbons (PAHs) rings~ ~ Standard College Dictionary, 1973~

In the 1990 SWRCB Draft FED for the Enclose~ Bays and Estuaries Riverine sources The pollutant inputs into the major rivers flowing into the
Plan PAHs are defined as the sum of acenaphthylene; anthracene; ii Bay-Delta Estuary from all point and non-polnt sources outside

~ of the geographic boundary of the Estuary.
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Runoff That part of precipitation which is not absorbed by soil,
Simazine A selective herbicide used for the control of most annualevaporated, or transpired by plants, but finds its way into ~~~0 grasses and broadleaf weeds in corn, established alfalfa,

streams as surface flow. [Fundamentals of Ground Water
.. !                                   established bermuda grass, cherries, peaches, citrus,Contamination Glossary, 1985] =:~ caneberries, cranberries, grapes, apples, pears, certain nuts,

Any precipitation, leachate, or l~quid that drains from any part
~ asparagus, certain ornamentals and tree nursery stock, ~n turf

of a waste management unit. ~23 CCR 2601]
grass sod production, fairways, lawns, and similar areas.

i ~ CHEMICAL NAME: 2-chloro-4,6-bis(ethyla~no)-s-tr~azine. [Farm
Salinity The total concentration of dissolved ions in water, a ~.~ Chemicals Handbook, 1987]

conservative p~operty. [T, XLV, 5:12-5:25]

The salt conte!t of a water. [SWRC~ Order No. WQ 85-i]          i:~           Soluble, e.g.,         Any substance capable of passing through a membrane filter with
’ ~- " soluble seleniu~ a rated pore diameter o~ 0.45 microns. [Standard Methods...,

Usually expressed as ppt (g/l), ~r ppm (mg/l).
£4th ed., 1975]

~ Capable of entering into solution or of being dissolved; as, a
San Pablo Bay The portion of~Ssn Francisco Bay encompsssing the area from the~

i soluble substance. [Webster’s New Universal Unabridged
Richmond-San Rafael Bay Bridge on the south side to the Petalum~ .~ Dictionary, ~979] "
River on the north and the Carquinez Strait on the east. It has
a surface area of I0~ sq. mi. at MLLW, mean depth of 9 ft., and
mean surface area of 605,000 AF. South Bay The portion of the San Francisco Bay stretching from the San

Francisco-Oakland Bay Bridge on the north to Mountain View in
Sediment quality Objectives to be developed for basin planning which shall be the south. I.t has a surface area of 214 sq. mi. at MLLW, mean
objective designed to protect the beneficial uses of the waters of the depth of

Bay-Delta Estuary from degradation due to sediment quality.

~ ¯ Spreader Also termed "film extender". The American Association of
Selenate (Se +6} Ionized selenium at a valence state of +6. [SWRCB Order No. WQ Pesticide Control Officials, Inc. has adopted this definition:

85-1] See Selenium. "A substance which increases the area that a given volume of
’ l±quid will cover on a solid, or on another liquid." [Farm

Selenide (Se -2) Ionized selenium at a valence state of -2. Chemicals Handbook, 1987]

Seleniferous High in selenium as in seleniferous soils.
Standard See Water Quality Standard.

Selenite (Se +4) Ionized selenium at a valence state of +4° [SWRCB Order No. WQ- Statewide plan A water quality control~plan~adopted by the State Water
85-i] See Selenium.                                                                                         Resources Control Board in accordance with the provisions of

Cal. Water Code Sac..13240 to 13244, for waters where water
Selenium (Se} A non-metallic’element chemically resembling sulfur. Essential quality standards are required by the Federal Water Pollution

¯ for animals at trace concentrations, selenium is toxic to Control Act. Such plans supersede regional water quality.control
animals in deficient or excessive dietary exposure. [SWRCB plans for the same waters to the extent of a conflict. [CWC
Order No. WQ 85-i] Sec. 13170]

Selenium occurs in three envzronmentally signif~icant valence Subsurface The effluent from a subsurface agricultural drainage system.
sta~es Se -2 (selenide), Se ÷4 (selenite), and Se +6 (selenate), agriculturalwith different toxic properties.

drainage

Silver (Ag) A white, ductile, and very malleable metallic element of high Subsurface A set of tile drains, collectors and, in most cases, one or more
electric conductivity, crystall~zing in the isometric system, agricultural sump pumps which are installed inca field to remove water from
found native as well as in combination: also called argentum, drainage system the root zone of any crops which may be planted. Generally

installed in areas with shallow perched water tables.
Silviculture The art of cultivating a forest; forestry. [Webster’s New

Universal Unabridged Dictionary, 2nd ed. 1979] ’ Suisun Bay The portion of San Francisco Bay between the entrance to the
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Carqulnez Strai~ and Chipps Island, including Grizzly and Honke~

When dealing with high gallonage spray equipment usingbays. It has a~ surface area of 36 sq. mi. at MLLW, mean depth
of 14 ft. and mean volume of 323,000 AF. -,: considerable agitation, a minimum amount of emulsifier is

needed. However, residual surface sprays require greater
~" amounts to reduce the run-off.Sulsun Marsh The marshlands ~enerally located in southern Solano County, ""~ -

¯south of the cities of Ya~rf~eZd and Suisun City. It is
bordered on thelsouth by Suisun Bay including Grizzly and Honker!ii~ Many terms designate particular surface activities. These are
bays, and the c~nfluence of the Sacramento and San Joaquin

~-~ often related. The following are are defined under these
rivers; on the east from Denverton along Shiloh Road to

< headings:
Collinsville.~ Suisun Marsh occupies an area of 116,000 acres,

Adjuvant Foam suppressantincluding about!88,000 acres below the five-foot contour It is~~

the largest coniiguous brackish water marsh in the United ~ Deflocculator Spreader
States. ~-.’~ Detergent Sticker

~ .~" Dispersant Wetting agent
Sulsun Marsh’s ~oundaries a~e legally defined in CPRC Sec.

29101.~I Emulsifier
and 29101.5.

"~i~ ~
[Farm Chemicals Handbook, 1987]

Sulfur dioxide A gas with a pungent and irritating odor. Eighty volumes of the~
gas dissolve in..one volume of water at 0 degrees Celsius -. ! Suspended solids Tiny particles of solids dispersed but undissolved in a solid,
(centigrade) ~ (SS) liquid, or gas. Suspended solids in sewage cloud the water andani I atmosphere pressure (14.7 pounds per inch).
Liquid sulfur d oxide boils at -10 degrees Celsius.                                                      ed.). Generally considered those particles subject to Brownian

diffusion.Because of its ~ow boiling point and high heat of vaporization,
sulfur dioxide has been used as a refrigerant, although has been~

largely replaced by Freon. In the canning and paper industries
sulfur dioxide ~s employed as a bleaching agent for certain ~ producing an effect greater than the sum of the effects of all

the substances [or organisms] acting separately. [Funk &fruits and paper pulp. Sliced fruits are exposed to sulfur
Wagnalls Standard College Dictionary, 1973]dioxide~before d~rying to prevent fermentation, the growth of

molds, and blackening of the product. It is also used in the
manufacture of s~ifuric acid, sulfurous acid, and its salts. Synergistic Of or pertaining to the action of two or more substances [or

organisms] to achieve an effect of which neither alone is
Surface active agent A substance that~reduces the interracial tension of~two boundary i capable. [SWRCB Order No. WQ 85~i]

lines. Most pesticide adjuvants may be~ considered surface
active agents. ~Iso known as surfactants.                                         Synergistic effect The effect of a mixture which is greater than the sum of the

effects of.its individual components,
Thee~ mat~yiai~ ~an be classed as nonionic, anionic and
cationic. Most ~mulsifying agents are of the nonionic type; TCDD equivalents The dioxin toxic equivalent concentrations of a mixture of
they do not ionize. Wetting agents anddetergents are primarily chlorinated dibenzodioxins and dibenzofurans.
anionic, becomin~ ionized in solution, the negative molecule

exerting primary~influence. Cationic forms which also become Teratogen An agent which causes fetal malformations or monstrosities.
ionized in solution are not extensively used. The positive
portion of the molecule is dominant when these materials are Thiobencarb A preemergent and early ~ostemergent herbicide for the control
ionized, of grasses and broadleaf weeds which infest rice fields, both

when transplanting and during direct-seeding.
Factors involved in the selection of a surface active agent
include the homogeneity of concentrate, storage stability of The most common commercial formulations of thiobencard are;
concentrate or powder, corrosion factors on sto~age or packaging Bolero, Saturn, and Saturno. Some or all applications of Saturn
of a concentrate,i the ease of mixing with water, effect of water may be classified by the U.S. EPA as Restricted Use Pesticides
hardness on emu!~ion stabzlity or d~spersion, and use end cost (RUP).
of ingredients.

i
CHEMICAL NAME: S-(4-chlorophenyl) methyl diethylcarbamothioate.

[Farm Chemicals Handbook, 1987]
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plant in the Delta west of Tracy. The source of the water in theTile drains A System of clay! pipes installed beneath irrigated lands to
Delta-Mendota Canal.artificially remove water saturating the soil Of the crop root

zone by gravity flow.
Tributyltin (TBT)     An antifouling agent, used as an additive in hull paints for

Time-averaged The averaging of!a t~me ser~es of (sequential) analytical ~- ships and boats. Tributyltin is the most common organo-tin.
results from a single sampling location in a manner which takes

.~ Di- and monobutyltin are also used as antifouling agents.into account the~length of time between sequential samples.

Trihalomenthane       The analytical results from a non-standard laboratory techniqueTin (Sn)                A white~ malleable, metallic element of low tensile strenght,

~ formation potential which is used on raw water supplies in an attempt to quantifyfound chiefly in!combination; also called stannum.
i ~           ~THMFP} the likelihood that trihalomethanes will be formed when the

Tissue alert levels Maximum tissue resiOue levels which are protective of human ~ i ~ ! water is disinfected.
health and p~efe~ably tissue residue ~evels which trigger S~ate
and Regional Board action to preven~ levels from reaching

~
~ Trihalomethane .The organic materials (usually dissolved humic and fulvic acids)

maximum allowabl~ concentrations for human consumption. .~ formation precursors in a raw water supply which when disinfected result in the
(THMFPs)                production of trihalomethanes.Information~conc~rning synergistic, antagonistic or additive

effects when mor~ than one contaminant is accumulated in an
~rihalomethane See Trihalomethane~ formation precursors (THMFPs).organism should 6e considered When developing tissue alert

levels. Tissue residue levels protective of aquatic llfe must precursors (THMPs)
also be determined. These levels are to be used to establish

Trihalomethanes Singular; One of the family of organic compounds, namedaspriorities for S~ate and Regional Board regulatory programs,
including the mass emissions strategy. (THMs) or Total derivatives of methane (CH~), wherein three of the four hydrogen

trihalomethanes atoms are each substituted by a halogen atom [e.g.~, chlorine,
Total hydrocarbons Use to refer to an extensive an~ artificial g~oup of compounds (TTHMs) bromine] in the molecular structure. [~0 CFR 141.2]

which include oi~ and grease, monocyclic aromatic hydrocarbons
Plural; (I) A subset of chemicals known as disinfection(MAHs), polynucl~ar aromatic hydrocarbons (PAHs), ant other

by-products (DBPs) which are formed when waters aredisinfected.hydrocarbons or~rganic compounds such as trihalomethane
formation precursors (THMFPs).                                                                                  THMs are produced when dissolved organic substances, such as

fulvic and humic acids produced b~.decaying crop residues or
peat soil in fresh or saline waters, come in contact with theToxic pollutants Those pollutants, or combinations of pollutants, [elements,
oxidizing agents used to disinfect drinking water. [T, VI,38:3-5;(elements, metals or metals, or organics] including disease-causing agents, which

T, XLVI, 99:II-19]organics) after discharge and upon exposure, ingestion, inhalation, or
assimilation intoI any organism, either directly from the

(2) The sum of the concentration in mg/lof theenvironment or i~dir~ctly by ingestion through food chains, will
trihalomethane compounds (trichloromethane [chloroform],cause death~ diselase, behavlora~ abnormallties~ cancer, genetic
dibromochloromethane, bromodichloromethane, and tribromomethanemutations, physiological malfunctions, or physical deformations,
[bromoform]), rounded to two significant figures. [40 CFR 141.2]in such organisms~or their offspring. [Resource Conservation

Glossary]

cl
Trivalent chromium ¯ See Chromium.

Toxicant (~) A Chemi ~i that controls pests by killing rather than (Cr III)
repelling them.

i
Turbidity Hazy air due to the presence of particles and pollutants~ a

(2) A harmfu~ substance or agent that may injure an exposed similar cloudy condition in water due to suspended silt or
organism. [EnvirOnmental Glossary 4th ed.] organic matter. [Environmental Glossary 4th ed.]

Trace elements Those elements.~metals or organ~cs~ generally present in natural Valence The combining capacity of an atom of an element [or radical] for
(metals or organics) water samples at ~oncentrations of less than one milligram per atoms [or radicals of other elements. It is often closely

liter. [SWRCB Order No. WQ 85-i] ¯ related to the number of electrons an atom [or radical] will
i lose, or in many cases will gain, during a chemical reaction.

Tracy Pumping Plant The U.S. Bureau o~ Reclamation Central Valley Project pumping [Basic College Chemistry~ 1956]
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Also spelled valance. (c) water quality conditions that could reasonably
i achieved through the coordinated control of all ~actors which

~ affect water quality in the area,Vapor pressure he pressure exerted when a solid or liquid is in equilibrium ~ ~ (d) economic considerations, and ~with its own vapor. The vapor pressure is a function of the    ~:~5~ .... L.÷.
substance and its temperature. [Handbook of Chemistry and i (e) the need for developing housing within the region. [CWC

~ Sec. 13241]Physics, 48th ed., ~967J

Volatile Evaporating rapidly; diffusing more or less freely in                  ~ Water quality A term used in connection with the federal Clean Water Act which
i- 1

standard is roughly equivalent to water quality objectives and designatedtheatmosphere.
beneficlaI uses.

Waste -Sewage and any a6d all other waste substances, liquid, solid,
’gaseous, or radioactive, associated with human habitation, or o~ ~ Zinc (Zn} A bluish white, metallic element occurring mostly in

human or animal 6rigin, or from any prpducing, manufacturing, or ~ combination.

processing opera~ion of whatever nature, including such waste
placed within containers of whatever nature prior to, and for
purposes of, disposal. [CWC Sec. 13050(d)] ]

Water quality See Quality of w~ter.
.

Water quality The regulation o~ any activity or factor which may affect the
control quality of the w~ter of the state and includes the prevention

and correction o~ water pollution and nuisance. [CWC Sec.
13050(I)]

Water quality A designation o~ ~establishment for the waters within a specified
control plan area of (I) beneficial uses to be protected, (2} water quality

objectives, and (’3) a program of implementation needed for
achieving water quality objectives. [CWC Sec. 13050(j)J

Water quality Scientifically derived constituent concentrations or levels
criteria, EPA "which are thoughtito protect specific beneficial uses in a wate~

body. Water quali~y criteria do not include the conslderation of
all the other factors necessary to develop water quality
.standards or objectives.

Wa~er quality The limits or levels of water quality constituents or
objective characteristics which are established for the reasonable "

protection of beneficial uses of water or the prevention.of
nuisance within a]specific area and time frame. Water qualityobjectives may beleither numerical or narrative. [CWC Sec.

13050]

Factors to be considered ~n establishing water quality
objectives shall include, bu~ not be limited to all of the
following:

(a) past, present, and ~robable future beneficial uses of
water,

(b) environmental characteristics of the hydrographic unit
under consideration, ~ncluding the quality of water available
thereto,
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A~BREVIATION ORGANIZATION NAME

AHI AQUATIC HABITAT INSTITUTE
Agency U.S. ENVIRONMENTAL PROTECTION AGENCY (also EPA}
BADA BAY AREA DISCHARGERS ASSOCIATION
BISF THE BAY INSTITUTE OF SAN FRANCISCO
Bureau U.S. BUREAU OF RECLAMATION (also USBR)
CBE CITIZENS FOR A BETTER ENVIRONMENT
CCWD CONTRA COSTA WATER DISTRICT
COE U.S. ARMY CORPS OF ENGINEERS (also U.S. Corps)
DFA DEPARTMENT OF FOOD AND AGRICOLTURE
DFG CAL;FORNIA DEPARTMENT OF FISH AND GAME
DHS CALIFORNIA DEPARTMENT OF HEALTH SERVICES (also

DWR DEPARTMENT OF WATER RESOURCES
EBMUD EAST BAY MUNICIPAL UTILITY DISTRICT
EPA U.S. ENVIRONMENTAL PROTECTION AGENCY (also Agency)
FAO FOOD AND AGRICULTURAL ORGANIZATION OF THE UNITED

NATIONS
FDA U.S. FOOD AND DRUG ADMINISTRATION
NAS NATIONAL ACADEMY OF SCIENCES
NOAA U.S. NATIONAL OCEANOGRAPHIC AND ATMOSPHERIC

ADMINISTRATION
RIC RICE INDUSTRY COMMITTEE
RWQ~B_2 SAN FRANCISCO BAY REGIONAL WATER QUALITY CONTROL

BOARD (REGION 2)
RWQCB_5 CENTRAL VALLEY REGIONAL WATER QUALITY C~NTROL

BOARD (REGION 5)
Region 2 See RW~CB_2
Region 5 See RWQCB_5
SAVESF SAVE THE SAN FRANCISCO BAY ASSOCIATION, THE
SBDA SOUTH BAY DISCHARGERS ASSOCIATION
SWRCB CALIFORNIA STATE WATER RESOURCES CONTROL BOARD

(also State Board)
State Board CALIFORNIA STATE WATER RESOURCES CONTROL BOARD

(also SWRCB)
U.S. Corps U.S. ARMY CORPS OF ENGINEERS (also COE}
USBR U~S. BUREAU OF RECLAMATION (also Bureau)
USFDA U.S. FOOD AND DRUG ADMINISTRATION (also FDA)
USFWS U.S. FISH AND WILDLIFE SERVICE
USGS U.S. GEOLOGICAL SURVEY
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ABBREVIATION/ DEFINITION
~SYMBOL

2, 3, 7, 8-TCDD 2, 3, 7, 8-Tetrachlorodibenzo-p-dioxin (See Dioxin in Glossary)
2, 4-D (2, 4-Dichlorophenoxy) acetic acid
AEL Adverse effects level
AET Apparent effects threshold
AF Acre-Foot = 43, 560 cubic feet = 325, 900 gallons
Ag Silver ~
As Arsenic
As III Trivalent arsenic, valence -- +3
As V Pentavalent arsenic, valence -- +5
B Boron
BHC Benzene hexachloride
BMP(s) Best management practice(s)
BPTC Bay Protection and Toxic Cleanup Program (also BPTCP)
CAC California Admlnistrati~e Code (OBSOLETE--Now Cal. Code of

Regulations, CCR)
CCR California Code of Regulations (formerly Cal. Administrative

Code, CAC)
CDD (s) Chlorinated dibenzodioxin (s) ~(dioxin equivalant ( s ) }
CDF(s) Chlorinated dibenzofuran(s) (dioxin equivalent(s) )
CEQA California Environmental Quality Act
CFR U.S. Code of Federal Regulations
COD Chemical oxygen demand
CPRC California Public Resources Code
CVP Central Valley .Project
CWA Federal Clean Water Act of 1977
CWC California Water Code
CZMA Coastal Zone Management Act
Cd Cadmium
Cl Chlorine
Cr Chromium
Cr III Trivalent chromium, valence = +3
Cr ~VI Hexavalent chromium, valence -- ~6
Cu Copper .....
D-1485 SWRCB Water Rights Decision 1485 (1978)
DDA

°~
Bis(chlorophenyl) acetic acid

DDE Dichlorodiphenyldichloroethylene
DDT Dichlorodiphenyltrichloroethane
DO Dissolved oxygen
DS San Joaquin River Drainage Study
Delta Sacramento-San Joaquin Delta
Delta Plan 1978 SWRCB WQCP - Sacramento-San Jouqu~n Delta and Suisun

Marsh
EDL Elevated data level
Estuary San Francisco Bay and Sacramento-San Joaqu~n Delta Estuary
FED Functional Equivilant Document
H Hardness (as CaC03)
HCH (s) Hexachlorocyclohexanel ( s )" ( See BHCs )
Hg Mercury
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ABBREVIATIONS/SYMBOLS ABBREV~ATIONS/SYMBOLS~

ABBREVIATION/ DEFINITION A~B~EVIATION/ DEFINITION

SYMBOL SYMBOL

USCA U.S. Code Annotated IDHAMP Interagency Delta Health Aspects ~onltori.ng Program
WQCP 1988 or.1990 Draft Water Qual~ty Control .Plan (a~so Plan)

i LC50 Median lethal concentration
Zn Z~nc ~ LD50 Median lethal dose
cu. m. Cubic meter = 35.31 cu. ~t. = 1.31 cu yd. ~ LEL Lowest e~ect ~evel
dw Dry weight basis :~~"~’~-" LOEL Loc~l observable e~fects limit or lowest observe~ effects
ft Foot or feet level
fw Freshwater .......... L~MS Long term management strategy

kg Kilogram : 2.20~6 pounds ~i=~;
MAH(s) Monocyclic aromatic hydrocarbon(s)

kg/d . Kilograms pe~ day = 2. 205 lbs/d MARL Maximum allowable residue level
lb Pound (avdp.) = 16 oz iavdp. } = ~53.6 grams MCL(s) Maximum contaminant level(s) (associated with drinking.
lbs/d Pounds (avdp. } per day = 0.4536 kg/d Water}
In Natural logarithm (Iogarithum to the base e} MES Mass emission strategy
m Meter or meters = 3.28 feet M]S Median international stan~ar~
mg Milligram = O. OOZ gm MLLW Mean lower low water
mg/kg Milligrams per kilogram (egual to ppm)- MPRSA Marine Protection Research and Sanctuaries Act
mg/i Milligr~ms per liter (approximately equal to ppm in aqueous NOEL No observed effect level

solutions} NP"DES National Pollutant Discharge Elimination System

ng/l Nanograms per liter (approximately equal to ppt in aqueous NSRL No significant risk level
solutions} NWR National wildlife refuge

o/oo Parts per thousand (approximately equal to g/l in aqueous Ni Nickel
solutions } PA~ (s } Polynuclear aromatic hydrocarbon (s)

ppb Parts per billion (approximately equal to ug/l in aqueous PCB(s} pclychlorlnated biphenyl(s)
solutions} POTW(s) Publicly owned trea-tment work(s)

ppm Parts per million (equal to mg/kg, approx, equal to mg/l in PPD Pollutant Policy Document
aqueous solutiions ) Pb Lead

ppq Parts per quadrillion (approx. one thousandth of a ngil in Plan 1988 or~ 1990 Draft Water Quality Control Plan (also WQCP)

aqueous solutions) RUP Restricted use pesticide, EPA
ppt Parts per trilli~n (approximately equal to ng/l in aqueous Region "2 San ~rancisco Bay Basin (also Basin 2), See RWOCB_2

solutions) ’ Region 5A Sacramento River Basin (also Basin 5A)
sq. mi. Square mile = 640 acres : 259 hectare~ Region 5B Sacramento-San Joaquin Delta Basin (also Basin 5B)

sw Salt water Region 5C San Joaquin River Basin (also Basin 5C}
tonne metric ton = IOO0 kilograms = 2205 pounds = 1.1025 U.S. SMW Program State Mussel Watch Program

(short) tons SS Suspended solids
ug/1 Micrograms per liter (approximately equal to ppb in aqueous STORET Storage and Retrieval system, the EPA’s national

solutions) computerized data
ww Wet weight basis SWP State Water Project

Se Selenium

Se +4 Selenite, valence : ÷4 (also Se IV)

Se +6 Selenate, valence = +6 (also Se VI)

Se -2 Selenide, valence = -2 (also Se -If)

Sn Tin

TBT Tributyltin

THM ( s ~ Tr ihalomethane ( s ).

THMFP (s) Trihalomethane for motion precusser$

THMP(s) Tr~halomethane precursor(s)

TSM Program Toxic Substances Monitoring Program
TTHM Total trihalomethane



STATE WATER RESOURCES CONTROL BOARD.
P. O. Box 100, Sacramento, CA 95801

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARDS                      ,

NORTH COAST REGION (1) CENTRAL COAST REGION (3) LAHONTAN REGION (6)
1440 Guerneville Road 1102-A Laurel Lane 2092 Lake Tahoe Boulevard
Santa Rosa, CA 95403 San Luis Obispo, CA 93401 P.O. Box 9428
(707) 576-2220 (805) 549-3147 South Lake Tahoe, CA 95731-2428
SAN FRANCISCO BAY REGION (2) LOS ANGELES REGION (4) (916) 544-3481

1800 Harrison Street, Ste. 700 101 Centre Plaza Drive Victorville Branch Office
Oakland, CA 94612 Monterey Park, CA 91754-2156 Civic Plaza
(415) 464-1255 (213) 266-7500 15428 Civic Drive, Suite 100

CENTRAL VALLEY REGION (5) Victorville, CA 92392-2359

3443 Routier Road, Suite A (619) 241-6583
s,sK,Y~ Sacramento, CA 95827-3098 COLORADO RIVER BASIN

(916) 361-5600 REGION (7)
Fresno Branch Office 73-271 Highway 111, Ste. 21

Palm Desert, CA 922603614 East Ashlan Ave.
(619) 346-7491! Fresno, CA 93726 ~

T~..=.
.~u,,~ " (209) 445-5116 SANTA ANA REGION (8) ~

Redding Branch Office 6809 Indiana Avenue, Ste. 200 .~.
Riverside, CA 92506                ~415 Knolicrest Drive (714) 782-4130Redding, CA 96002 ~

(916) 224-4845 SAN DIEGO REGION (9)
~,,x~,oo .9771San Diego, Clairemont CA92124 Mesa Blvd. Ste. B /

" . (619) 265-5114 tO

SAN FRANC~S¢¢                                                 %

’%.
SANTA CRL~                                                                        ~

FRESNO

MAP0024 1-90


